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1.0  INTRODUCTION 


Tills  document  presents  a survey  of  existing  electromagnetic  system  interaction  algo- 
rithms. I'lie  elt'ort  was  perlormed  under  task  area  III  ol  the  NAVtiLliX  .s04  functional  area 
funding  program.  Integrated  Techniiiues  for  1-lectromagnetic  Analysis  (I'l  hMA). 

U BACKGROUND 

1.1. 1 HI  MA 

ITIAIA  is  concerned  with  the  problem  that  transmit  and  receive  system  perfonnance 
is  seriously  degraded  by  the  shipboard  electromagnetic  environment.  I'he  degradation  implies 
the  impairment  of  the  s\stem  attributes.  Ihe  system  attributes  include  availaliility, 
integrity,  and  i|uality . The  impairment  ol  system  attributes  results  in  a loss  of  mission  cITec- 
tiveness:  the  ability  to  locate  a target,  to  communicate,  and  to  identity  a target,  fhe  mission 
tliat  is  used  here  is  the  mission  of  the  individual  transmit  and  receive  systems,  but  of  course 
they  are  an  integral  part  of  the  ship's  mission. 

I'he  objective  of  this  program  is  to  increase  the  total  mission  performance  ol  ship- 
board transmit  and  receive  systems  through  the  minimi/ativm  ol  Ihe  degradation  caused  b> 
such  factors  as  antenna  site  compromise,  intersystem  interaction,  aiul  nonlunctional  emis- 
sions. I'he  objective  is  to  be  accomplished  by  developing  .1  synthesis  ability  which  cvinsiders 
transmit  and  receive  system  degradation  factors  in  the  early  st.igestand  in  all  stages!  ol  ship 
design.  I'his  ability  would  be  applicable  to  both  new  ship  design  and  lleet  moderni/ation. 

The  emphasis  of  this  specific  objective  is  on  the  early  stages  of  design.  It  is  in  the  early 
stages  of  ship  design  that  we  have  control  of  more  design  variables,  making  it  possible  to 
achieve  a more  nearly  optimal  design.  I'urther  into  the  design  procedure  there  are  fewer 
design  variables,  and  a less  optimal  design  will  result. 

With  this  synthesis  ability,  it  will  be  possible  to  avoid  many  of  the  so-c.illed 
“remedial"  solutions,  loo  many  times  problems  are  idcnlifictl  only  after  operalivm.  It  is 
then  necessary  to  "fix"  the  problems.  Hie  fixes  are  usually  costly  and  result  in  only  partial 
solution  of  the  problem.  1 his  fix  approach  will  become  even  less  succcsslul  .is  Navy  ships 
become  more  densely  populated  with  advanced  eviuipments. 

I'his  synthesis  capability  is  being  developvvl  as  a two-step  approach.  I he  lirst  step  is 
to  formulate  a system  procedure  for  shipboanl  transmit  and  receive  system  design.  .\  system 
procedure  considers  all  essential  aspects  of  transmit  and  receive  system  performance.  I hink- 
ing  in  terms  of  "system  design"  is  an  important  step  in  achieving  total  electromagnetic  sys- 
tem performance.  I he  emphasis  is  on  total  iterlormancc.  It  is  possible  to  increase  the  per- 
formance of  an  individual  transmit  and  receive  system,  but  usually  only  at  the  expense  ol 
other  transmit  and  receive  systems.  I he  second  stefi  is  to  improve  and  develop  the  aiialy  sis 
tools  anil  methods  essential  to  the  system  approach. 

As  envisioned  at  the  present  time,  this  synthesis  c.ipability  is  a system  procedure 
using  iterative  analysis  to  achieve  the  ilcsign  go.il  ol  acceptable  tot.il  electiom.ignctic  system 
performance,  flic  essential  tools  and  methods  arc  those  necess.iiy  to  .m.ily/e  proposi-il 
designs.  I he  output  of  the  analysis  is  cvalu.itcd  in  terms  ol  Ihe  lechnic.il  pci  lorm.mce 
rei|uiremenls  to  determine  the  adeipi.icy  of  the  design  .iiul  identily  possible  deliciencies 
m it. 
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Three  teelinieal  tasks  liave  been  detineii  to  eneompass  tlie  needs  of  the  analysis; 


Development  of  antenna  modeling  teehniqnes  below  iihf 
Development  of  antenna  modeling  teehimiiies  at  idif  and  above 
Development  of  total  b'M  system  modeling 

I.I.:  DbVl  LOPMI  NT  01  TOTAl,  I M STI  M MODI  LINd 

As  discussed  in  the  previous  section,  the  essential  tools  and  methods  are  those  neces-  ; 

sary  to  analyze  proposed  designs,  fhe  output  of  the  analysis  is  evaluated  in  terms  of  the 
technical  retiuiremeiUs  to  determine  the  adecpiacy  of  the  design  and  identify  possible 
deficiencies  in  it.  I'his  task  area  provides  tools  and  methods  that  ensure  that  the  output  of 
the  analysis  is  necessary  and  sufficient  for  evaluation. 

As  depicted  in  figure  l-l,  there  are  four  parameters  which  completely  characterize 
the  total  I'M  system: 

Intercomponent  interaction 

lllRO/RADHAZ  ! 

System  interaction  i 

Performance 

Intercomponent  interaction  is  component  compatibility.  I'or  example,  this  would  deter- 
mine whether  a tuner  can  tune  an  antenna.  This  can  usually  be  determined  on  the  b;isis  of 
equipment  specifications,  riuis,  this  area  requires  no  new  tools  and  methods. 
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in- R(),  RADIIAZ  is  used  to  denote  tlte  elTeet  ol  tlie  antenna  on  other  s\  stems  I his 
determination  is  being  aeeomplislied  by  speeiHeations  and  standards  developed  under  other 
ell'orts.  As  in  tlie  ease  of  intereomponent  interaetion,  this  program  again  proposes  no  elTort 
on  this  parameter. 

It  IS  the  system  interaetion  and  perlormanee  parameters  that  the  third  task  is  eon- 
eerned  with.  I hus.  the  objeetive  is  to  use  eontraetor  and  in-house  Navy  expertise  to  develop 
algorithms  to  rapidly  and  eost-elTeetively  prediet  system  interaetion  and  perlormanee  ot  the 
transmit  and  reeeive  systems. 

1.1  INII  RSYSTI  M IN  II  R.ACnON  ANAl  YSI.S  I OR  ( OMMUNK  A I IONS 

During  fiseal  year  l‘)7(i  all  elTorl  in  the  area  of  development  ol  total  l.M  system 
moileling  was  eoneentrated  on  the  development  of  a system  interaetion  eapability  for  eom- 
munieations.  I'he  effort  was  divided  into  three  prineipal  work  areas: 

Survey  of  existing  algorithms 
Sample  problem  exereises 
lanpirieal  investigations 

This  doeument  presents  the  sui-vey  of  existing  algorithms.  The  reports  on  the  sample  prob- 
lem exereises  atid  empirieal  investigations  were  seheduled  for  eomplelion  at  the  end  of  the 
l‘)7()  transition  tpiarter. 

The  objeetive  of  this  survey  is  to  doeument  existing  system  interaetion  analysis 
teelmiques  aiul  eoinpare  their  eapabilities.  This  is  a neeessary  first  step  in  the  defitiition  ol 
a system  analysis  model  (eomnumieation ) whieh  will  adequately  support  the  needs  ol  Na\\ 
shipboard  transmit  and  reeeive  system  design.  A preliminary  evaluation  of  the  existing  leeh- 
niques  is  presented  here.  I'he  final  evaluation  will  be  reported  upon  eomplelion  of  the 
sample  problem  exereises  and  empirieal  investigations. 

1 .2  EXISTINC;  SYSTEM  ANALYSIS  MODELS 

Modeling  teelmiques  implemented  by  digital  eompulers  are  beeoming  reeogni/ed  as 
the  most  eost-effeetive  approaeh  for  delermimilion  of  eleetromagnelie  eompalibilitv  (IMCl 
between  eomnumieation  systems.  Communieation  systems  aboard  Navy  ships  eonsisi  of 
lo|iside  mounteil  antennas  and  rf  eciuipment  installed  below  deeks.  sueh  as  transmitters, 
reeeivers.  transmitting  anil  reeeiving  multieoiq-)lers  and  filters,  and  other  rf  distribution 
equipment. 

Many  eomputer  simulation  programs  have  been  developed  to  prediet  the  pi'lenlial 
interferenees  involving  rf  eomnumieation  systems,  l or  example.  Shipboard  I leeliom.ignetie 
('ompatibility  .Analysis  (SLMC.A)  developed  by  (leneral  l leetrie  and  Atlantie  Rese.ueh  Cor- 
poration (Cl  '.ARC)  and  Interferenee  I’redietion  Model  (IPM)  develo|->ed  by  Litton  are  the 
eomputer  progranrs  whieh  direetly  address  the  shipboard  mterterenee  predietion  problem. 
Co-Site  .Analysis  Model  (COS.AM)  developed  by  the  I leetromagnetie  Compatibility  \n.;lysis 
Center  (I'CAC)  of  DoD.  Co-Site  Simulation  System-I  (COSIM-I  ) developed  by  II  I Rese.ueh 
Institute,  Intrasystem  I leetrom.ignetie  Compalihihty  Analysis  I’rogr.im  (II  \U  \l’l  developed 
by  MeDonnell  Airer.ift  Company,  and  Intrasystem  Compatibility  An.ilysis  I’rogr.im  (ISCAl’i 
developed  by  S.iehs'l  reeman  .Assoei.ites  are  more  indireelly  rel.ited  to  the  rt  sy  stem  .ibo.ird 
sliip. 


A maiuuil  (.Icsijui  pioi.ei.lurc  callctl  I Rl.l)  ( 1 ransiniilcr  and  Receiver  1 t|uipmenl 
Developmefit ) was  ileveloped  by  N1  LC.  I Rl  I)  eslahlislies  (lie  eleclrical  perloriii.ince  cliarac- 
teristies  reiiuired  in  communication  eriuipments  tor  successlul  operation  on  naval  sliips. 

There  exist  two  basic  dit't'erences  between  TRTl)  and  tlie  otlier  three  tecliniiiues, 
wliicli  are  STAK'A,  ll’M.  and  C'OSAM.  Tirst,  TRT  I)  is  an  rl  system  desiiin  tool  while  SI  M(  A. 
II’M,  and  C'OSAM  are  mainly  used  as  interference  prediction  tools.  STMC'.A.  ll’M,  ,md  CO- 
SAM  calculate  the  value  of  antenna  isolation  and  predict  the  power  levels  ol'  direct  thre.its 
and  indirect  threats.  The  direct  threats  are  at  transmit  frequencies  and  cause  production  ol 
interterences  in  receivers  such,  as  receiver  cross  modulation,  receiver  desensiti/ation.  spurious 
response,  and  receiver  interniodulation.  The  indirect  threats  are  at  receiver  lrc(|uencies  and 
are  interferences  produced  outside  the  receivers  such  as  transmitter  broadband  noise,  tr.ms- 
mitter  harmonics,  spurious  emissions,  and  transmitter  intermodulation.  On  the  other  h.uul, 
I'RTd)  follows  a step-by-step  design  procedure  to  ensure  that  the  interference  power  levels 
are  short  of  the  threshold  of  unacceptability . The  steps  are  listed  below. 

1.  flse  iiuasi-minmumi  atmospheric  noise  to  establish  a required  antenna  deficienev 
which  is  employed  to  design  the  receiving  subsystem.  However,  if  an  external  natural  noise 
level  is  below  the  receiver  noise,  no  antenna  deficiency  is  re(|uired. 

2.  Use  the  most  important  ilirect  threat  to  establish  the  maximum  allowable  .mtenn.i 
isolation  (antenna  coupling). 

Design  the  transmitting  subsystem  whose  indirect  threats  are  acceptable. 

Note  that  each  step  is  an  iterative  process  which  not  onl\  predicts  the  interference  power 
level  but  also  identifies  possible  deficiencies  of  the  system. 

The  second  basic  difference  is  that  TRT  l)  is  a manual  procedure.  .\  computer  pro- 
gram based  on  TKl'l)  has  not  yet  been  developed,  on  the  other  hand.  .ST.NK’.A.  ll’M.  ami 
COSAM  are  computer  programs.  Recogni/ing  these  two  basic  differences  will  make  the 
comparison  of  the  tour  modeling  techniques  meaningtul. 

This  report  presents  an  evaluation  ot  the  communication  system  portions  ol  SI  M( 
ll’M,  ('OSAM.  and  TRlil).  The  other  less  .ipphcable  modeling  techni<.|ues  are  addressed  .is  to 
general  capability.  The  evahi.ition  is  based  on  the  documents  which  NTl  ('  has  at  the  present 
time.  These  ilocuments  are  identified  by  .istensks  in  10.0  RIRI  l(HiR.Al’ll')  . In  performing 
the  comparison,  we  consider  the  modeling  techniques  Irom  the  following  viewpoints 

Modeling  philosophy 

flexibility 

Dat.i  base 

Noises  and  interterences 
Interference  threshoki  cnteri.i 
•Attenuation  modeling  .iiul  .mtenna  coupling 
I’rinlouts 

With  respect  to  modeling  philosophv  . two  questions  .ire  considered  I irsi,  wh.it  s\  s- 
teiii  modeling  .ipproach  is  used  iletermmisiic  oi  si.iiistic.iT’  It  ,i  st.itistic.il  .q''|''ro.ich  is 
chosen,  what  p.irameters  of  the  i f system  .iie  coiisidereil  .is  i.mdom  v.in.ibles  ’ I he  second 
question  concerns  the  .ipproach  ol  receiver  iiio  lelmg  Is  .i  icccivcr  modeled  .is  .i  bl.u  k box 


(I 


p 


or  IS  o;kIi  luiKlioiui!  hlock  ol  tlio  rccoivci  moilclcil  in  ' l)oi.‘s  iIk'  inoik'liiij!  in- 

cUkIo  tliL'  sccoiul  i.ictL‘i.  tor  stage  and  the  modulation  l\  pes  ol  the  desired  signal  and  iindesired 
signals’ 

"I  lexihilily"  eoneerns  the  ofilioiis  availahle  to  a eompiilei  piogiani  and  Ihe  al'ihu 
to  handle  suhpi\>hlems  et I ieiently . It  also  eoneerns  ihe  al'ilils  to  e \ .ihiale  engineei mg  design 
tradeolls. 

“Data  hase”  eoneerns  the  soiirees  of  data  and  Ihe  eomplexilv  ol  pie:\iimg  data.  In 
aildilion.  there  are  two  ipiestioiis  ean  modulation  speelra  he  iiuliRleil  m iiie  data  hase.  .ind 
whieh  rf  ei|iiipments  have  data  stored  in  the  data  hase  ’ I he  prohlem  ot  the  .leeur.KV  r>l  Ihe 
data  will  not  he  .iddressed. 

Ihe  approaehes  used  to  preiliel  and  ulih/e  Ihe  noises  and  intei  tereuees  ss  ill  he 
investigated,  I he  approaehes  use  either  empirieal  ilala  or  ni.ilhemalie.il  models  It  m.ilhe- 
matieal  models  are  used,  vs  hat  are  the  models  ’ 

In  theory,  it  is  neeessary  to  identity  all  I NK -related  par.imelers  lor  e.ieh  sv-'lem  eom- 
ponent.  1 or  ex.imple.  approximately  2.^  parameters  were  reviewed  In  the  I leelromagnelie 
Compatihility  l igiire  of  Merit  (IMC  lOM)  ( ommitiee  (ret  I ).  However,  m pr.ietiee.  we  e.m 
consider  only  the  most  important  ones,  whieh  are  classified  as  tollovvs: 

.System  Indirect  I hreats 

rransmitter  hroadhaiul  noise 
I ransmiller  harmonics 
Transmitter  spurious  emissions 
I'ransmitler  intermodulalion 
Passive  device  gener.itevi  inlermodulation 

Sy  stem  Direct  Threats  ( aused  In  Transmitter  l uiuiamental  T'rei|uencies 
Receiver  cross  modulation 

Receiver  desensiii/ation  (receiver  saturation  or  overlo.ul) 

Receiver  spurious  lespruise 
Receiver  intermodulation 
Receiver  hurnout 

T nv ironmental  Indirect 

Atmospheric  noise  t.imhient  noise)  , 

Rusty  holt  (topside-generated  inlermodul.iiion ) 

Shi|iho.ird  man-made  noise 

Receiver  Internal  Noise  (Noise  Tigure) 

Having  considered  each  type  ot  interlcrcnce.  we  ask  vvh.it  the  mlerterencc  threshold 
criteria  are  and  where  they  should  he  .ipplied,  I'sii.illy.  Ihe  mierlerencc  (hieshold  cnicii.i  .ire 
set  at  three  loc.ilions  ol  Ihe  receiving  system  input  to  the  rl  .imphliei  si.ige.  output  ol  the 
l.isi  inlermedi.ile  lrei|uency  (IT)  tiller  stage,  .md  output  ol  the  delecloi  si.ige 


* All  I locImniiignclK'  Comii.itibilily  I igiiic  ol  Moiil  (I  MC  I OM)  loi  .Siiiglo  Cli.mik'l  N oice  ComiiiimK .ilioin 
Ti|iiipmeiil.  It  I T I lain  on  IMC,  Tohui.iiy  I'l^S 


i 

L. 
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"Attenuation  modeling”  eoneerns  the  seleetivity  ot  (liter  deviees,  the  insertion  loss  ol 
niter  deviees,  transmission  line  insertion  loss,  and  mismateh  loss.  “Antenna  eoupling”  con- 
siders the  method  tor  obtaining  antenna  coupling  values  or  for  establishing  a required  antenna 
coupling  value. 

Printouts  concerns  the  various  types  ol  outputs  which  each  computer  program  can 

provide. 

Sections  2.0  through  .^.0  discuss  the  tour  main  modeling  techniques  SI  NK  A.  IPM. 
COS.AM.  and  TRld)  one  by  one.  Section  b.O  describes  other  less  applicable  techniques 
brietly.  Section  7.0  presents  a summary  of  the  comparison  of  the  four  main  technique-. 
Section  8.0  is  a preliminary  evaluation  ot  the  existing  system  analysis  techniques.  Se.iii)ii 
*^^0  presents  conclusions  and  recommendations. 


] 

j 
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2.0  SHIPBOARD  t.M  COMPAimiLlTY  ANALYSIS  (SLMC  A) 


SlMt'.A  was  developed  hy  (11  . .ARC.  .SI  .\!( '.A  I was  eoinpleled  in  l‘UW)  aJid  lias  been 
revised  lour  limes,  l lie  eurrenl  version.  SI  NK  A was  eoinpleled  in  l‘)7.V  The  e\olulion 
ol  SIMC.A  IV  to  SI  MCA  V'  ineliules  the  lollowing  points; 

• Adding  a deteetor  model 

Considering  the  modulation  tv f>es  of  the  desired  signal  and  undesired  signals 

Obtaining  espressions  to  relate  signal-lo-noise  ratios  (or  ^ignal-lo-interlerenee- 
filus-iioise  ratios)  between  the  iii(ml  terminal  and  the  output  terminal  ol  the 
deteetor  tor  various  modulation  types 

Obtaining  relationships  between  signal-to-noise  ratio  (or  signal-to-interferenee- 
plus-noise  ratio)  of  deteetor  output  terminal  and  artieulation  inde\  tor  various 
modulation  types.  .Also,  the  relationships  between  signal-to-noise  ratio  (or 
signal-to-interlerenee-plus-noise  ratio)  ol  deteelvir  input  terminal  aiul  Ivit  error 
rate 

Obtaining  a relationshi|i  between  artieulation  index  (or  bit  error  r.ile)  and 
intelligibilitv 

• ( hanging  the  eiul  point  of  the  ( I I.l  .s  program  trom  the  input  ol  the  liisi 
mixer  to  the  input  ot  rf  amplifier 

• ( hanging  power  eull  eriteria  from  using  minimum  diseernible  signal  (\II)S)  to 
I vlH  below  reeeiver  noise 

• Changing  .imbient  at-sea  noise  level  (.A\l.)  moilel 

• Changing  transmitter  noise  level  ( I XN)  model 

• .Adding  subroutines  H\2t)07  and  IU).\4.'  for  eou(ilers  (1)2(107  and  SK  A 4.C 
respeetively 

• Changing  input  and  output  Ibrmat  and  data  base  aeeording  to  the  above 
modifieation 

I bis  doeument  is  eoneerned  with  SI  MC.A  \'.  vvhieh  is  ueseribeil  by  volumes  lO.A.  lOB. 
aiul  IOC.  Volume  1 0, A serves  as  the  user's  refereitee  manual.  Volume  I OB  vleseribes  the 
aetual  subroutines  in  iletail,  presents  lest  eases,  and  gives  the  listings.  Volume  IOC  lieseribes 
mathematieal  moilels  useil  in  the  program.  At  present,  the  evaluation  ol  SIMC.A  \'  is  based 
on  volume  lOA  only,  beeause  volumes  lOB  and  IOC  are  not  available  to  M l C. 


2 1 (U  NLRAL  DLSCRIP7ION 

SI  MCA  V eonsists  of  ClU.l..^.  ( Cl  I 4.  I Kl  (,)C1  \(  N SI  11  (HON.  and  ( Ol  IM  I K 
M.AIN  Computer  programs.  Hie  CCl  1..'  program,  vvhieh  is  ,i  power  tiMiisler  progi.im.  is 
usevl  tv)  proeess  transmitter  speetr.i  through  transmitter  ehaimels.  spaee.  .nut  reeeivei  eh.m- 
nels  up  to  the  input  toeaeh  reeeiver  rt  amplifier.  The  CCI  I 4 reeeivei  progr.iin  then  pio 
eesses  the  total  mierferenee  speetrum  through  ,i  Ime.ir  i)i  nonime.ir  it  .implitiei  imulel.  the 
mixer  11  see t ions,  aiul  the  deteetor.  1 he  1 Kt  (,)CI  \(  N SI  I I C I ION  progi.im  is  used  to 
.issign  eompatible  transmitter  anvl  reeeivei  eenler  trei|ueneies  in  the  It  through  uht  i.mge 


Hie  COliPl  I K MAIN  program  is  used  to  develop  and  exercise  coupler  models  and  to  plot  im 
pedance  data  in  Smith  chart  form,  I'igure  2-1  shows  how  the  ShMC'A  programs  lit  together 
and  how  the  programs  can  be  used.  A shipboard  communication  system  consists  of  all  the 
transmitters,  couplers,  filters,  antennas,  and  receivers,  f igure  2-2  represents  a typical  com- 
munication system  model  which  is  employed  by  the  SfiMCA  V program. 

The  Sf  M(',A  ('ULL3  and  CULL4  programs  can  be  used  in  a single-ship  evaluation 
mode,  a multiship  intraship  evaluation  mode,  and  a multiship  intraship  and  intership  evalua- 
tion mode. 


t lauie  ; 1 Orpani/amm  ol  SI  NU  A program. 


MODELING  PHILOSOPHY 


'l 


SI  MCA  uses  an  incomplete  statistical  approacli  in  systetn  modeling.  .A  ciJmplele 
statistical  approach  can  answer  the  following  (.piestion : 

II  the  perlormancc  ot  a receiver  is  graded  as  acceptahle  (or  marginal  oi  unac- 
ceptable), then  what  is  the  probability  that  the  receiver  performance  is 
acceptable  (or  marginal  or  unacceptable)'.’ 

To  answer  this  (.luestion,  the  probability  density  function  (IM)l  ) of  the  signal-lo-mlerference- 
plus-noise  ratio  (SINK)  at  the  receiver  ilelector  output  must  be  determinetl.  but  the  SI  NK '.A 
program  does  not  calculate  the  Pl)l'  of  SINK  al  detector  output  ,md  cannol  answer  this 
tiuestion. 

SEMCA  does  treat  the  desired  signal  power,  antenna  coupling,  and  interference 
pt>wers  as  random  variables.  I he  interference  powers  include  transmilter  lundamental, 
transmitter  L'armonics,  transmitter  intermodulation.  spurious  emissions,  transmitter  broad- 
band noise,  and  ambient  at-sea  noise.  I very  one  ol  these  random  variables  is  assumed  to 
have  a Gaussian  PDE.  laich  (iaussian  random  variable  is  ilefined  by  a mean  value  and  a 
standard  deviation  to)  which  are  supplied  by  the  SI  MC.A  program. 

It  takes  a nonlinear  operation  (division)  on  Gaussian  random  variables  to  obt,iin  the 
SINK  .It  iletector  output,  which  is  also  considered  as  a random  variable.  I'herefore,  Ihe  I’DI 
of  SINK  at  detector  output  may  not  be  Gaussian.  SI  MG.A  does  not  calculate  the  I'Dl  of 
SINK,  although  it  can  be  obtained  by  Monte  Carlo  simulation  or  analytical  derivation. 

.As  to  the  receiver  modeling,  SI  .MCA  V'  models  each  functional  block  in  detail.  I he 
UuK'tional  blocks  and  the  vcviuived  information  concerning  each  function  block  arc  dcscribcil 
beh)w: 


Kb  Amplifier:  types  of  tillers  (single-tuned,  Hutterworth,  I chebycheft,  G-coiisi.mt, 
etc),  banilwidth.  gain  aiul  automatic  gain  control  (,AGC).  saturation  level,  linear  or  nonlinear 
amplifier,  number  of  stages 

Mixer  or  mixers  ( first  mixer,  second  mixer,  or  third  mixer):  mixer  t\ pe  ( triodc. 
dioile.  pentoile,  transistor,  or  special),  mixer  opci.ition  ( singlc-cnilcd.  balanced  push-pull,  b.il- 
anced  push-push.  Ncrics  double  balanced,  parallel  double  balanced),  local  oscillator  (1  O'  fre- 
i|uency.  power  level  al  mixer  input,  and  mixer  saturation  level 

Intel inedi.ile  lrei|uency  (II  ) amplificr(s)  ( fiisl  II  , secoiul  II  , or  third  II  i b.nulwidih. 
gain.  ,A(  iC.  number  of  stages 

Detector:  Modulation  type  of  desired  signal  ( AM,  SSlt,  1 SK.  1 M,  pulse)  .nul  lielccloi 
type  for  a desireil  modul.ition  type  (dioilc-voice  baiul  filter  lor  AM.  synchionous-priHlucl 
iletector  for  SSM,  product  iletector  for  I SK.  phase  shilt  iliserimin.itor  lor  I \l.  .mil  diode- 
wideb.md  output  for  pulse) 

Csing  functional  blocks  namely,  rl  .iinphlier,  mixers,  .nul  If  .imphfiers  system 
direct  threats  are  predicted.  I he  etfecis  ol  sy  stem  diiect  Ihieats  include  receivei  i ross  modu- 
lation, receiver  desensiti/.ilion.  reeeivei  spuiioiis  lespimse.  .md  receivei  inleimodiil.ition 
file  last  limction.il  block  gives  deteeloi  Ir.inslei  liiiu  lions  which  icl.ile  SNK  loi  SINK  I be 
Iween  Ihe  mpiil  leiinnuil  and  Ihe  oulpiil  leimm.il  ol  ihe  detci  lor  loi  v.inoiis  modul.ition 
types.  I he  SNK  (or  SINK)  of  Ihe  deleelor  mpiil  .nul  oiilpiil  leimin.il  .ne  Ihen  used  lo  calcu- 
late artieul.ition  index,  bit  error  rate,  .md  intelligibility  . 


i 


:.3  FLtXIBILlIY 

Hie  ShM(  A V prognmi  has  several  oplioiis.  As  inentioned  in  seetion  2.1 . there  are 
three  interfereiKe  evaluation  modes  single-ship,  multiship  intraship,  and  multiship  intra- 
ship aiul  intership.  In  addition,  there  are  four  computer  programs  ( lil.l..v  ( Id  I 4. 

1'  Rl-.(JLII.N(''i  SI  11  (1  ION  and  ( 'OUPl.l  K M.MN.  I he  four  programs  can  he  put  together 
to  evaluate  an  rt' system  IMC  prohlem  or  they  can  be  used  iiuie|ieiuientl\  to  evaluate 
suhprohlems 

ll'vve  do  not  wish  to  consider  the  modulation  types  of  desired  and  uiulesireil  signals 
and  do  not  wish  to  evaluate  rf  .system  performance  in  terms  of  articulation  inde\  or  hit 
error  rate,  then  we  have  the  choice  of  not  using  the  detector  functional  block  ol  the  receiver 
modeling.  I'he  receiver  modeling  stops  at  the  last  II  .implifier  stage.  Noises  and  mterterences 
which  will  give  unacceptable  receiver  performance  are  predicted  at  the  output  ol  the  lb 
amplifier  stage. 

SIAK'.A  has  program-supplied  data  and  models,  but  m many  cases  a user  can  use  his 
own  data  or  change  the  parameter  values  of  the  program-supplied  models.  I he  options  ol 
the  models  are  program-supplied  model,  user-supplied  basic  model,  user-supplied  specific 
nuniel.  and  user-supplied  model  adjustment.  A user-supplieil  basic  imnlel  will  override  the 
program-supplied  model,  a user-supplied  specific  model  will  override  the  basic  model.  ,i 
user-supplied  model  adjustment  will  adjust  the  basic  or  specitic  model.  I able  2-I  shows  the 
available  options  of  the  SI  .\l('  \ program  models.  Models  .ire  described  in  section  2.,s. 

binally.  SI  NK  A has  options  of  printouts  ol  desired  sign.il  .tnd  power  summ.ii  v .it 
v.irious  receiver  stages. 

rABl.i;  2-1.  SI  \U  A I’ROdRA.M  MODI  I S. 

I’rogiam  I'scr-Siippliod  I'.sci-Siipplicd  I sci-Siip|ilicd 

SI  MCA  Program  Models  Supplied  Hasie  Model  Speei lie  Model  Model  Ad|uslmeiil 


rAlH.I:  2-1.  ((  unliiuictl). 


Sl'MC’A  Program  Models 


TX  and  RX  Impcdaiiee 


RX  IP  Noise  Bandwidlli 


RX  Mi.xei 


Airibient-At-Sea  Noise 
Level 

Iiuia-Sliip  Ll  -Ml  -lll 
Antenna  Conpling 

Inlra-Sliip  VIII  -lUll 
Antenna  Coupling 

lirter-Ship  Antenna 
Conpling 


Progiani 

Supplied 


yes 


yes 


ves 


yes 


yes 


UseiSiipplied 
Basie  Model 


ANl.  eaul 
(seetioti 

ANTCCPeaid 

(section 


IJser-Sitpplied 
Speeilie  Model 


Rl  SIS  r and 
Rl  .AC  1 cards 
(sections  .L2. 1 2 
and  .L:.I  .’'I 

R.XII  BWeaid 
(section  .L2.42 ) 

MIXI  R eaids 
(section  4.2..M 


I 


I 'sei  Supplied 
.Model  .Ad|iisimeni 


Al  IM  caid 
(section  4 ' 2 1 
AOl  IM  caid 
(section  4 V 1 1 

.ANI  SIC  caul 
(section  .v.v25) 

ACSICI  caul 
(section  .'..'.27) 

.ACSIC;  caid 
(section  .'..v2^l 

ACSKi  caul 
(section  .'..'.27) 


Note;  Section  iiunihers  in  parenllicxcs  arc  the  section  nuinhers  tif  SI  Vf(  ^ \ , volanic  user's  ictcicniV  rnjnu.il. 


2.4  DATA  BASi: 

Mousiitvd  emission  spectra  ol  (rtinsiniUers  are  tisecl  ;is  input  datti.  The  meastiremenls 
tneliicie  lahoratory  me;isitrenten(  ;ts  well  ;is  limi(ed  ship-lielci  meastirenienl.  I(  empirical  tlala 
are  not  available.  Ilte  metiurri  oT  predieting  transmitter  emission  is  h\  synthesis  Irom  partuil 
or  comparable  data  or  by  programming  analog  moilels  ol  (he  e(|tiipmen(.  I he  an.ilog  com- 
puter model  is  ;i  Ireritiency  settled  representation  ol  the  actual  transmitter,  which  inchules 
some  ol  the  nonlinear  stages,  tank  circuit  characteristics,  aiul  tiny  other  .ipphc.ible  circuit 
parameters  which  altect  the  emission  spectiiim.  Lite  tmalog  model  is  b.ised  on  Iranstei  lunc- 
tion  etitiivtilenl  eirctiils  which  diiphc.tle  the  dyntiimc  response  ol  the  .letii.il  tr.msmitter 
circtiits. 

Simihirly.  several  types  ot  receiver  mi\ers  ,iie  modeled  on  .intilog  computers  m oidei 
to  t'orm  tin  empiric.il  tmd  iti. ithem.itic.il  mt\er  model  siut.ible  lor  progttimmmg  on  the  digit. il 
eompiiter.  Intercept  v.ihies  ot  the  miser  output  levels  versus  input  level  curves  h.ive  been 
determined  tor  live  input  sign.ils  .md  their  geiiei.ited  h.irmomcs  ,md  .ire  used  .is  input  d.it.i  tot 
each  miser  type. 

It  seems  th.it  the  .in.ilog  model  method  is  comivhc.itetl  bectiiise  either  the  ti.instei  tuiic 
(ion  or  the  circuit  c h.ir.icteristic  ol  e.ich  tunclion.il  block  ot  the  tr.msmittmg  sy  stem  ot  le 
ceiv  mg  sy  stem  must  be  known  I urthei  inore.  the  t i.iiistei  liiiic  lions  ot  iheciic  iiil  c h.ii.ictei 
isties  imiy  be  only  .ipi'rosim.ittoits  obt. lined  Irom  spec  ilic.ilion  sheets 

I here  .ire  many  e(|iiipmenls  whu  h h.ive  d.it.i  sioied  m the'  d.it.i  b.ise 


2.5  NOIStS  AND  INTLRFtKliNC  ES 


riio  SIM(  program  treats  most  o(  tlie  noises  aiul  interlerenees  tleserihetl  in  seetioti 
1 .2  except  passive  clevice  generated  internuHinlation.  rusty  bolt,  sliipboard  man-made  noises, 
and  receiver  burnout.  Mathematical  models  and  data  of  the  noises  and  interferences  which 
are  used  in  the  program  are  presented  below; 

I ransmitter  broadband  noise  model  is: 

N = -A  log  1 0 1 1 1 oot  f - f 1 X ' '■  1 \ 11  + + •’  r\ 


and  (J  = 5 dBm, 

where  N is  the  mean  value  of  the  noise  level  in  dBm.  a is  its  standard  deviation,  I is  trcqucncv 
of  interest  in  Mil/,  fpx  transmitter  frequency  in  Mil/,  l’|  ^ is  transmitter  power  in  dBm. 
and  A and  If  are  constants.  In  the  program-supplied  model.  .A  = SO  dB  and  B = -"()  dB,  but 
.\  and  B are  input  constants  determined  by  the  user  in  the  user-supplied  basic  model.  1 urther- 
more,  in  the  user-supplied  specific  model  measurement  tlata  ot  noise  le\el  m ,f-kll/  b.mdwidth 
and  percentage  ot  Ireipiency  deviation  are  uset.1. 

In  the  receiver  detection-degradation  analysis,  SI  NK  A treats  a transmitter  broailband 
noise  as  a ■‘noise"  insteail  of  an  interference.  I'hus.  the  term  "noise"  incliales  the  receiver 
internal  noise,  the  atmospheric  noise,  and  the  transmitter  bro.idb.iiul  noise. 

The  program-supplied  transmitter  intermoi.lulation  model  generates  intcrmodiil.ition 
proilucts  (IMP)  which  are  describeil  by: 

t|y,p=  plv-t-qf[  , 

where  f|\|p  i''  Oie  IMP  frequenev  . fv  is  the  victim  transmitter  frequency.  I|  is  the  mteriering 
transmitter  frequency,  and  p and  <1  are  integer  cvicfficients.  I'he  mean  value  ol  power  level 
of  the  IMP  in  ilBin  is: 


'’lMP='\  + 'pq-l0l(l\-Pl>- 

where  I is  an  intercept  value  which  is  the  function  of  the  p aiul  q values  1 he  values  ol 
Ip^l  are  listed  below: 

pi:  .f  1 : I : 

q -1  -1  -1  i 

1 _o ’s  -no  -i.v.'f  -10.''  -i.vN  -i:.'»  -‘>.5  -IS.: 

pq 

I he  variance  ot  the  power  level  ol  IMP  is: 


"imp 


1 ■»  > > 
p-  o~  ^ vf  ()“ 


There  is  no  program-supplied  imulcl  tor  the  me. in  power  level  ot  li.msinittei  har- 
monics .iiui  tr.iiismit tel  spurious  emissions  liislc.ul.  empiric.il  d.it.i  ,ire  useil  llovvever.  there 


It- 


is  a model  tor  the  standard  deviation  assoeiated  with  the  power  level  of  each  spike  in  a trans- 
mitter spectrum.  The  model  is: 

|-8(t'/fol  + 10  for  0 < f/lo  < I 

o = ' 4(f  'fo)-:  lor  I < l/fo  ^ . 

I U)  for  3 < f/'fo 

where  o is  in  dB.  I is  the  Ireciueney  ol  interest,  and  fo  is  the  transmitter  tuned  freciueney. 

rile  receiver  mixer  model,  which  is  used  to  predict  receiver  mtermodulation.  takes 
input  sij>nals  and  mixes  them  with  the  local  oscillator  ( i ())  0.  1,2,  .s,  and  4 at  a time.  I he 
mixer  output  freiiuencies  are  of  the  form: 

4 

f=  ±ajWj  , 

i=l 

where  aj  are  the  harmonic  values.  I'he  mixer  output  power  levels  m dBm  are  of  the  form: 

4 

P + I -H  B + ^ aj  (Pj  - P|  q)  . 
i=l 

where  (.i  is  a tunction  ot  mixer  type.  1 is  the  intercept  value  which  is  a function  of  mixer 
type  and  harmonic  values,  and  B is  a tunction  ol  type  ot  mixer  halancmi:  and  harmonic 
values.  The  values  of  (i.  I,  and  B are  supplied  hy  the  program.  In  addition,  the  user  can 
change  the  intercept  value  1. 

There  is  no  program-supplied  model  to  predict  the  frequencies  where  receiver  spur- 
ious responses  occur  and  to  predict  the  power  level  of  each  spurious  response.  Measureil 
data  are  used. 

At  present,  it  is  not  clear  whether  SIMC'.A  uses  data  or  models  to  predict  receiiei 
desensitization  and  receiver  cross  modulation. 

The  program-supplied  model  of  ambient  at-sea  noise  power  in  a ,^-kll/  bandwidth  ,is 
a function  of  frequency  is  shown  in  figure  2-.T  Hie  model  is  based  on  ('(  IK  report  .?22  for 
average  noise  power  available  over  seaw.iter  from  a short  vertical  antenna  at  a laiulom  time 
and  at  a random  ocean  location.  If  actual  data  of  noise  level  at  the  frequencies  of  interest 
are  available,  they  can  be  used  in  the  user-supplied  basic  iiunlel. 

Measured  data  ol  receiver  noise  level  arc  useil.  .SI  M(  .A  does  luil  consiiicr  the 
receiver  noise  level  as  a random  variable,  nor  is  receiver  II  noise  bandwidth  treated  as  a 
random  variable. 
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AMBIENT  AT  SEA  NOISE  POWER  IN  A 3 kHz  BANDWIDTH  (dBm) 


FREQUENCY  (MHz) 

I '.jiuie  2 .V  \nibKiil  a)-sca  miise  powet. 


2.6  INTERFERLNCL  I HRESHOU)  C RITERIA 

Since  SIMCA  lias  the  option  ot  iisingC  I I I .iiul  (T'1.1.4  programs  iiulepeinlonily 
aiui  the  option  of  wlietlier  iletector  processing  will  he  done,  the  interlerence  threslioki  cri- 
teria aie  set  at  the  following  three  locations  ot  the  receiving  system  input  to  the  rf  ampliliei . 
output  of  the  last  If-  , aiul  output  ot  tlie  iletector.  1 irst,  tlie  criterion  at  the  input  to  the  it 
amplifier  is  I 5 dlf  below  receiver  noise.  Ilowever.  the  value  ot  ilM  below  receiver  noise  can  bs 
changed  if  the  user  desires  to  change  it.  I he  rl  spectrum  present  at  the  receiver  rf  trout  end 
IS  power  culled  with  respect  to  this  criterion.  Second,  at  the  II  oiitinit.  the  resultant  signal 
combinations,  which  are  at  levels  greater  than  a criterion  related  to  sensitivity,  .ire  printed 
out  with  the  trei|uency  .ind  the  sources  ot  the  mterterences.  ,\t  present,  the  cs.icl  ciiterion 
is  unknown.  I hird.  at  the  output  ot  the  detector,  .irticulation  indices  ( Al  I ot  0 " .iiul  0 4 
.ire  the  interference  criteria.  I he  SINK  detector  outputs  th.it  result  m Al  numl'eis  ot  0 oi 
above  are  classified  as  acce|it.ible  for  voice  coinmumc.ition  systems.  When  the  \l  number  is 
degraded  to  below  0.7  and  .iliove  0.4.  the  voice  coinmumc.ition  system  is  classified  ,is  m.ii 
ginal.  When  the  Al  numl-'er  is  lurther  degr.iilevi  to  I'elow  0.4,  it  is  cl.issilied  ,is  im.iccept.ible 
In  the  case  of  dat.i  recet'tion  such  .is  lelety  pew  ntei  ( I I N ) systems.  .i  Ml  K ot  2.5  I0~'  is 

est.iblished  as  the  diviiling  point  between  .iccept.ible  .iiul  un.iccept.il'le  I his  Ml  R cnierion 
is  b.ised  on  an  .ipprosim.ite  I ch.iracter  error  r.ite  tor  synchronous  .nul  independent  si.m- 
stop  I lA'  systems. 
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STANDARD  DEVIATION  (MB) 


2.7  ATTENUATION  MODELING  AND  ANTENNA  COUPLING 


The  Sl'MC.A  V program  considers  the  selectivity  and  the  insertion  loss  of  filter  devices. 
I'ilter  devices  of  rf  systems  include  filter,  tuner,  coupler,  and  multicoupler.  A user  may  use 
either  the  program-supplied  filter  models  or  tabular  data.  I'he  filter  models  are  transfer  func- 
tions which  calculate  filter  gain  as  a function  of  frequency.  Thus,  we  obtain  the  selectivity 
characteristic  and  the  insertion  loss. 

The  program  also  considers  mismatch  loss.  The  program-supplied  transmitter  and 
receiver  impedance  model  is  50  ohms  for  all  frequencies.  However,  a user  may  use  his  own 
measured  impedance  values.  Transmission  line  loss  can  be  calculated  if  the  type  and  length 
of  the  transmi.ssion  line  are  given.  However.  SL.MC.A  does  not  consider  the  effects  of  cable 
length  on  the  transmitter  intermodulation  and  transmitter  broadband  noise  power  levels,  .An 
experiment  done  by  NELC  showed  that  the  effects  are  significant. 

SEMCA  has  the  following  three  antenna  coupling  models  which  are  used  to  calculate 
the  space  portion  of  coupling; 

Intraship  If-mf-hf  coupling  model.  The  model  is  obtained  as  the  best  fit  to  many  data 
points  taken  by  measuring  coupling  between  antennas  on  a scaled  ship  model.  I'his  is  the 
maximum  coupling  between  antennas  assuming  conjugate  impedance  matches. 

Intraship  vhf-uhf  coupling  model.  Friis  relationship  for  free-space  coupling  is  used, 
coupling  = 37  - 20  log  (D  F)  dB,  where  D is  antenna  spacing  in  feet*  and  F is  freciucncy  in 
MH/.. 

Intership  coupling  models.  Two  intership  coupling  models  are  employed.  In  the  fre- 
quency range  below  150  MHz,  a groundwave  model  based  on  the  results  by  K Norton  of 
National  Bureau  of  Standards  is  used.  For  frequencies  above  1 50  MH/.  a groundwave  model 
based  on  results  by  LV  Blake  of  Naval  Research  Laboratory  is  used. 

Fhese  models  are  used  to  calculate  the  space  portion  of  coupling.  Fheir  application 
is  indicated  in  figure  2-4.  In  addition,  the  Scattering  and  Propagation  Sinuil.iti>r  model 
(SCABS)  is  employed  to  determine  If  and  mf  power  transfers  in  ,i  closely  coupled  antenna 
network.  A scattering  matrix  approach  provides  a method  for  calculating  the  power  tr.ms- 
fers  by  including  all  network  interactions  and  impedance  mismatches.  1 hese  intcr.ictions 
lead  to  multiple  coupling  paths  in  the  multiport  antenna  network. 

Fhe  shortcoming  of  the  SF  .VtCA  antenna  coupling  model  is  that  it  docs  not  coiiskIci 
the  effects  of  a structure  which  is  located  between  antennas.  1 his  case  is  studied  under  the 
first  technical  task  of  this  project  the  development  ol  antenna  modeling  techniques  below 
uhf. 
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2.H  PRINTOUTS 

SIMCA  LOiisisIs  ofCUl.L.T  CUl.l.T.  1 K1  NCV  SI  1 1 Cl  ION,  ;iiul  ( Ol'IM  1 K 
MAIN  computer  programs,  l aeli  program  has  \arioiis  outputs. 

riie  CUI.I..^  program  gives  llie  tollowiiig  prmtouls: 

Trausmitter  summarv’  printout  vvliieh  gives  transmitter  speetnim  aiul  speetriim  at 
aiiteiiua  in  ilBm 

rraiismitler  iulermoiliilalioii  prmloiil 

Keeeiver  mteHereuee  prmloiit 

1 he  printouts  ol  ( 'ULI  4 are  listevl  I'elow 

Printout  oT  itesiivil  signal  noise  aiul  intei  leieiice  powei  siiiiiiiiarv  at  vaiioiis  recenei 
stages  ineliKlmg  mixer  stages  aiul  II  stages 

Ueteetor  operation  printout,  wliicli  gives  articulation  iiuicx  or  HI  K loi  cacli  micilci 
dice  and  the  detector  mpiil  SNK  margin  lor  .icccpiahic  pcirormancc  I lie  leccivci  is  gradcvi 
•IS  acceptable,  marginal,  or  iinacccptal'lc  accvirdmg  to  Ilic  \l  or  HI  K Note  that  the  trci|iicnc\ 
ot  each  mlcrtcrcncc  must  he  the  same  as  the  viclim  receiver  limed  Ireipiencv 
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Tile  major  noise,  wliieli  is  tlie  most  important  noise  amoiii:  tlie  ambient  noise,  tlie 
receiver  noise,  and  the  transmitter  broadband  noise 

Performance  degradations  due  to  cross  modulation  and  receiver  denseiiMti/ation 

rile  printout  of  the  b RhCjUI-.NC'Y  SlvLlC  1 ION  program  gives  the  assignment  of 
transmitter  and  receiver  frequencies  in  any  band  tfom  It  to  uhf,  l inally,  ('()UP1.1-.K  M.MN 
program  produces  coupler  rejection  characteristics,  a Smith  chart  of  antenna  impedance  data, 
and  transmitter  or  receiver  impedance  data. 


.?.()  INTLRFtRtNCt  PRtDIC  TION  MODEL  (IPM) 

.VI  GENERAL  DESC  RIPTION 

IPM  was  ilcvcloped  by  Litton  SysttMiis  Incorporated  tor  tlic  purpose  ot  desiuning  the 
DD  class  sliip  for  electromagnetic  compatibility  m 1471.  Simulation  of  the  topside  elec- 
tromagnetic environment  and  the  various  electronic  sidisystems  by  the  IPM  was  used  to 
facilitate  IMG  analysis.  Hie  generality  of  sinudation  possible  with  the  IPM  is  shown  in  lig- 
ure  -VI.  Basically,  1PM  simulates  the  emission  of  a transmitter,  processes  this  emission 
through  filter  devices  and  coupling  devices  to  a receiver,  and  determines  whether  this  re- 
ceiver will  be  affecteil  bv  the  emission.  In  addition  to  the  transmitteil  spectrum  of  transmit- 
ters, intermodulations  which  include  transmitter  intermodulation,  passive  device  generated 
intermodulation,  topside  generated  intermodulation,  and  receiver  intermodulation  are  indi- 
c.ited  in  the  figure.  Also  shown  are  the  different  types  of  output  information  power 
density,  rf  saturation.  If  power,  .md  interferences.  I'igure  .T2  illustrates  spectrum  tre.itment; 
in  particular,  the  procedure  for  determining  interference  power. 

I'he  IPM  program  consists  of  six  distinct  sections  as  shown  in  figure  .T.i  data  base, 
problem  definition,  interl'erence  prediction,  power  summary,  eleclromagnetic  railiatioii,  .ind 
rusty  bolt.  Generally,  the  tirst  two  sections  must  be  run  t’irst,  then  one  or  more  of  the 
remaining  sections  c.in  be  run  accordingly. 


ADDITIONAL  TRANSMITTERS  OR 
RECEIVERS  IF  COUPLER  IS  USED 

I IM 


figure  .t-l.  Kl  signal  flow  within  llie  ll’M. 
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COMPOSITE  REJECTION  FROM  FILTtRS  AND  ANTENNA  LOSS 


RECEIVER  SELECTIVITY  AND  RECEIVED  SPECTRUM 


NOTES: 

1.  CENTER  EMISSION  AND  SIDEBAND  SPLATTER  DEFINED  BY  ?1  POINTS. 

2.  SKIRTS  DETERMINED  BY  TRANSMITTER  NOISE,  EXTRAPOLATED 
EXPONENTIALLY  FROM  LAST  TWO  SPECIFIED  POINTS. 

3.  SPURIOUS  EMISSIONS. 

4.  INTERMODULATIONS  (IMI. 

5.  SKIRTS  OF  INDIVIDUAL  DEVICES  REJECTION  EXTRAPOLATED  AT 
CONSTANT  LEVEL  FROM  LAST  POINT. 

6.  IM  ADDED  BY  F II  TER  DE  VICES,  E XTERNAl  NONLINEAR  ELEMENTS,  OR  RECEIVER. 

7 SKIRTS  EXTRAPOLATED  EXPONENTIALLY  FROM  LAST  TWO  POINTS. 

8.  INTEGRATED  SHADED  AREA  EOUAl.S  LEVEL  OF  FUNDAMENTAL  INTERFERENCE 
TO  FUNDAMENTAL  RESPONSE. 

9.  IM  INTERFERENCE  TO  FUNDAMENTAL  RESPONSE, 

10.  SPURIOUS  INTERFERENCE  TO  SPURIOUS  RESPONSE. 

11.  IM  INTERFERENCE  TO  FUNDAMENTAL  RESPONSE  IE  XCEEOS  OUT-OF-BAND  RE  JECTIONI. 

12.  HARMONIC  INTERFERENCE  TO  FUNDAMENTAI  RESPONSE. 


I muri;  .^2.  Il’M  spccHuiii  lioalmonl. 
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( igure  3-3.  IP.M  soliware  sections. 


I lie  d;it;i  luise  conluins  pertinent  int'onnalion  ahotil  the  eomiminieation-eleelmnks 
stiite  on  lioard  (he  l)l)  ^>63  ship.  It  ;iets  as  a pool  into  whieh  all  other  ll’M  seetions  e.in  dip  toi 
int'orniation  ' j ,iid  in  solving  their  ilesignated  problems. 

I he  problem  definition  seetion  defines  the  eleetrom.ignetie  environment  uhieh  is 
described  by  four  int'ormation  categories  equipment,  assigned  I reqiieneies.  equipment  lon- 
neetivity.  aiul  antenna  locations. 

I he  interterenee  preilietion  section  is  run  when  the  nsei  desi.es  output  deseribmg 
transmitter-receiver  eombinations  most  likel>'  to  e.iiise  interterenee 

I he  power  summary  section  is  rim  when  output  is  desired  winch  describes  powei 
present  in  each  receiver  by  treqiiency  band,  summeil  either  .it  the  receiving  .mtenn.i.  .it  tlu 
receiver  input,  alter  receiver  rt'  t'iltering.  or  .liter  receiver  II  riliermg. 

I he  eleetrom.ignetie  raiii.ilion  section  is  rim  when  oiilpiil  is  desired  which  desuibes 
power  ilensity  in  dlhn  per  square  metre  lor  each  prescribed  rrequenev  mierv.d  .it  .i  p.iilicul.n 
location.  I his  inibrm.ilion  is  obt.iined  by  summing  Helds  ot  ,ill  iransmilleis  specilied  in  the 
IHoblem  del’inition  section. 

I he  rusty  boll  section  is  run  when  the  iiserdetmes  a rusty  boll  physic. il  condition  on 
mpiil  cards.  Such  a physical  condition  conl.ims  the  rusty  bolt  nnmbei.  the  loc.itioii  ot  the 
rusty  boll;. mil  the  third,  tilth,  seventh,  .md  ninth  mtermodnl.il ion  coetlicienis  I missions 
trom  the  rusty  boll  condition  are  processed  ,md  comp.ned  to  iccCivei  ch.n.icleiisiks  to 
determine  whether  .in  intei lerence  condition  cmsIs. 
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3.2  MODELING  I’HII  OSOPHY 
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The  1PM  uses  a ilctennimstic  approacli  in  system  modeling.  No  system  parameter  is 
considered  as  a random  variable. 

In  the  IPM  program,  a receiver  is  modeled  by  rt' selectivity  data,  a receiver  overall 
selectivity  based  on  both  the  if  and  11-  selectivity  data,  receiver  sensitivity,  receiver  intermod- 
uhilion  data,  receiver  spurious  response  data,  and  receiver  impedance,  basically,  the  IP.M 
treats  the  receiver  as  a linear  device  by  using  the  receiver  overall  selectivity.  The  IPM  pro- 
gram in  its  present  torm  does  not  consider  cross  modulation,  although  other  nonlinear 
aspects  ol  the  receiver  such  as  receiver  rt  saturation,  receiver  intermodulation,  anil  receiver 
spurious  response  are  considered. 


FLEXIBILITY 

1 he  IPM  progr.im  can  be  used  to  evalu.ite  mtr.iship  and  intership  I MC  problems 
1 or  each  evaluation  mode.  IPM  has  tour  capability  options  as  shown  in  I'igure  ,T.V  I hese  .ire 
intcrl'erence  evaluation,  received  power  summarv . field  strength  estim.ilion.  ,ind  rustv  bolt 
elt'ects.  ,\  user  can  run  one  or  more  of  these  options  independently. 

The  1PM  program  also  gives  the  option  lor  the  user  to  provide  his  own  antenna  coup- 
ling d.ita  instead  ol  Using  the  program-supplied  .mienna  cou|vlmg  models. 

L4  I) AT.A  BASE 

1 he  dat.i  b.ise  contains  all  communication-electronics  suites  on  (voard  llie  01) ‘to.'  sliip 
I he  ei|uipmenl  char.icteristics  data  for  use  in  the  IPM  are  obtained  from  the  follow  ing 

sources: 

Nomm.il  characteristics  given  in  technical  manuals  or  maintenance  pamphlets 

Specific.ition  d.ita  given  in  the  Litton.  Collins,  or  other  design  specifications 

Spectrum  sign.iture  data 

Synthesis  Irom  parli.il  or  compar.ible  d.il.i  or  through  use  of  modul.ilion  spcctr.i 
algorithms 

In  piep.iiing  the  input  d.il.i,  the  Ircipiencv  sep.ir.itions  ue.  Af's  .issoci.iled  with  emis- 
sion s(veclrum  leceivci  icsponse,  miermodul.ition  d.il.i,  etc)  must  be  m .ibsolule  units  ol 
lrei|uenc>  : loi  ev.imple.  Mil/  I hey  c.innol  be  entered  .is  .i  percent  ol  tuned  oi  b.ise  Ire- 
qiiencv  . < ompulmg  these  At's  sometimes  becomes  buidensome  to  the  usei 

I he  ti.i  isiniiier  emission  spectrum,  including  modul.ilion  specir.i.  is  specilied  m 
terms  ol  dB  reb.live  to  the  c.iriier  In  the  hi  region  r.ingmg  troin  2 to  .'()  Mil/,  .it  most  nine 
base  freiiuencies  c.m  be  used  m the  d.il.i  base  B.ise  Ireiiuencv  is  used  to  mdic.ile  the  tuned 
treipiencv  .it  whuh  ,m  eipiipmeni  evliibits  the  i li.ii.iclerislics  relened  to.  It  .i  li.insmillet  is 
tuned  to  .1  Iteipiencv  which  falls  belween  or  oiilsule  specified  b.ise  lieiiiieneies.  then  Ihe 
lollowmg  i.ises  .ire  consiilered 

• Ihe  I'togi.im  Ime.iilv  mieipol.iles  belween  Ihe  two  closest  v. dues  obi. lined  tiom 
Ihe  speiitied  b.ise  lrei|iiencies  lot  Ihe  .issignnienl  ol  Ihe  emission  spci  Iriiin 
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• riic  tail  of  tlic  emission  spectrum  curve  is  evtrapoLited  past  the  last  specified 
point  by  assuming  that  tlie  value  of  tlie  last  specified  point  remains  unchanged 
in  the  extended  region. 

• The  program  uses  the  nearest  base  freiiuency  to  assign  harmonic  power  levels 

However,  it  ,m  interlering  transmitter  signal  occurs  at  a ,A1  ,md  coupling  level  dilfer- 
ent  from  the  values  specified  in  the  data  base,  no  transmitter  intermodulation  power  level  will 
be  assigned.  .Similarlv , no  receiver  intermodulation  level  will  be  assigned  if  it  is  different 
from  those  stored  in  the  data  base. 

1 he  program  supplies  a limited  number  of  algorithms  to  calculate  the  Ireipiencies  ol 
spurious  emissions  aiul  spurious  responses  ol  the  ei|uipments  useil  in  the  DD  ship  II  the 
receiver  spurious  responses  or  transmitter  spurious  emissions  of  an  equipment  vlo  not  fit  the 
algorithms  contained  in  the  program,  a new  algorithm  must  be  adiled  by  the  user. 


,S  NOISI  S AM)  INTI  KE  LKLNC  LS 

(iener.illv  speaking,  the  ll’M  program  does  not  have  mathematic.il  motlels  lor  noises 
.iiul  interferences.  Insieail.  it  ilepcnds  on  the  user-su|iplicil  ilai.i  which  .ire  stored  m ihe  d.il.i 
base  lor  I NK  analysis. 

Ihe  ll’M  cl.issifies  receiver  interferences  into  three  c.itegories:  II  mterlcrence.  rl 
s.iiiir.ition,  .ind  receiver  inlermodnialion.  I hesc  inlet ferences  .ne  causei.1  b\  Ihe  emission 
spectr.i  of  transmitters  which  cvtnsist  of  three  compvmenis:  the  c.irrier  and  associ.ilevl  iiuhIu- 
l.ition  sideb.iiuls,  low-level  noise  snlebaiuls.  .ind  spurious  .md  (uirmonic  emissions.  1 1 seems 
lhal  transmitter  broailbaiul  noise,  transmitter  h.irmonics.  Ir.insmilier  spurious  emissions, 
tr.insnutter  intermodiilation.  p.issive  device  genei.ileil  mtermodul.ilioiis,  receiver  s.itin.itioii. 
receiver  spurious  responses,  aiul  receiver  mIernuKlulalion  have  been  included  in  some  w.iy  in 
the  program. 

Referring  to  section  1.2.  we  can  see  Ih.il  the  ll’M  iloes  lutl  considei  .imbieni  noise, 
sliipboaril  man-m.ide  noise,  rcicivcr  cross  modni.ition.  .mil  receiver  biimoiil. 

1 itton  cl.inus  ih.it  Ihe  imp.ict  ol  iionlme.ir  regener.il ion  ol  emissions  bv  lopsidc  slim 
lure  funclions  or  riisiy  bolls  may  be  .issesseil  bv  using  Ihe  nisiv  boll  section  of  the  ll’M  pro- 
gram. However,  the  user  imisi  provide  Ihe  loealion  of  the  nist\  boll  Also.  Ihe  coel I icicnts 
for  mterniodul.ilion  gener.ilion  and  coupling  lo  ,md  liom  Ihe  source  iiiusi  be  provided  bv 
the  User.  I rom  the  input  d.iia.  ,i  set  of  4N  iiistv  boll  inicrmodiil.ilioii  emissions  is  cic.iicd 
for  each  pair  of  Ir.iiismitlers  I he  riisiv  boll  emissions  .ire  ihcn  comp.ired  vviih  ihc  noise 
Ihreshold  ol  ihe  leceivei  lo  deleinuiie  whether  mteiference  occurs  I his  le.iluie  ol  ihc  pio 
gram  is  not  .iccept.ibic  bci.iusc  ol  llic  imcii.iclic.ilil.  of  siipplving  Ihe  iei|tiiicd  mpiil  d.il.i 
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1 or  e.ich  receivei  m the  DD  cl.iss  ship,  some  cstim.iie  ol  the  desned  sigii.il  level 
expressed  in  dMin  iiiiisi  be  speiilied  loi  ihc  peiloim.iiKe  .m.ilvsis  m Ihe  presence  ol  mlci- 
Icriiu’ sigiKils.  Ihe  v.ihiesol  Ihe  desned  sign.il  level  .iic  piovided  bv  Ihe  iisei  Hovvevei.  il  it 
IS  nol  specified,  the  piogi.ini  will  usi'  leieivei  seiisitiviiv  .is  the  desned  sign.il  level  I he  iisci 
may  specify  more  Ih.in  one  ilesned  sign.il  level 


Il’M  gives  three  interlerenee  ideiitiliealioii  tables  II’  interferenee.  rl  saturation,  and 
receiver  intermodulation.  Hie  tliresliold  criteria  for  these  tliree  types  of  interferences  are  dis- 
cussed below. 

In  determining  the  existence  of  II-  interferences,  a signal-to-interference  (S  1 1 thres- 
hold should  be  specified.  ,\  cull  matrix  serves  as  the  mechanism  whereby  the  threshold  S 1 
for  each  receiver-mterlerer  pair  is  input  to  the  program  for  use  in  scoring  the  degree  of  inter- 
ference. l ach  row  of  the  cull  matrix  corresponds  to  a uniiiue  combination  of  transmitter 
parameters  (nomenclature,  power  output,  and  modulation),  while  each  column  represents  a 
specific  receiver  nomenclature  and  moilulation  type.  1 he  entries  in  the  matrix  cells  arc  the 
required  S I for  the  indicated  receiver-interference  pair.  1 he  values  of  S/1  were  based  upon 
studies  published  by  I ( .AC.  These  values  represent  the  S- 1 at  the  input  to  the  receiver  second 
iletector  required  to  achieve  acceptable  information  quality  in  the  presence  of  the  p,irticular 
interfering  modulation  t>  pe  specified.  1 he  criteria  for  acceptable  mform.ition  quality  are 
taken  to  be  a .^OC  .irticulation  score  for  ,\M  and  1-\1  voice  transmission  t.A.v  ,\.v\,  aiul  I .' 
nuHlulation).  I'J  probability  of  error  for  AM  pulse  i A 1 . A2)  and  I SK  (T  I ) digital  systems. 

,ind  50'  correct  perlormance  lor  pulse  amplitude  and  pulse  position  inodul.ition  (!’'*)  s\  skins 
such  as  ITT  and  T.AC.AN.  .Sever.il  deficiencies  exist  in  the  use  ol  such  gener,ih/ed  perloiin- 
ance  criteria.  Therefore,  instead  ol  using  the  S 1 threshold  criteri.i.  an  .iltcrn.itive  pertorm- 
.nice  criterion  is  developerl  which  is  discusscil  below. 

The  alternative  perlormance  criterion  is  basetl  on  total  inlerferer  energv  rcl.itivc  to 
receiver  sensilivilv . The  criterion  lor  interlerenee  is  defined  as  ilie  point  at  which  the  total 
interference  power  within  the  receiver  passband  causes  a .^-dO  or  greater  increase  m receiver 
effective  noise  ligure.  This  condition  exists  when  the  interference  noise  power  equ.ils  the 
viesireil  signal  level  requireil  for  a ,^-dH  (S  + N)  N at  the  receiver  output 

To  iileiitilv  (he  rf  saturation  interference  c.iscs.  IIA|  .issunies  l)ijl  llie  level  ol  sigiul 
rec|Uireil  at  the  input  to  the  first  .ictive  rl  stage  to  c.iusc  s.itur.ilion  is  7()  dit  .ibove  the  receivei 
sensitivity  level.  The  receiver  sensitivity.  is  ilefincil  m ll’\1  as 

.So  = -174+  Ix^'  + lOloglinVidlim. 

where  B\V  is  the  IT  b.mdwiilth  m hert/  and  T»^  is  the  receiver  noise  figure.  'n  IS  the  ilesired 
signal  level  rei|uireil  lor  .^-vIB  (S  + N ) \ ,il  the  rcscivcr  output.  Note  that  actually  equals 
receiver  noise.  is  not  the  input  level  which  produces  ,i  si.nid.irvl  response  of  lO-vllt 
(S  + N )'N  as  commonly  used 

Tmally.  in  orvler  to  idenlilv  the  lecciver  iiiteiniodulatioii  interlerenee  IhieshoUI. 
sigii.il  level  ,il  the  receiver  input  to  province  receiver  inlermovlulalion  is  specified  bv  the  iisei 
.iiivl  siorevl  in  the  vl.ita  base.  It  the  intermovlul.ition  trei|uency  is  within  the  ()(l-vlM  II  p.iss- 
b.iiivl.  the  levels  ol  the  two  emissions  ,ii  the  receiver  input  .ire  comp.irevl  with  the  spvxilivil 
thresholvl  value.  I nterference  will  .ilniosi  cerl.iinly  occur  it  both  emissions  .nc  .ibovc  the 
lliresholvl  level.  If  either  emissivni  level  is  ,ibvne  the  thicshvilvl.  ,i  potenli.il  iiilci Icreiice  c.ise 
IS  noted  and  an  interlerenee  message  is  written. 


,V7  \m  Nil  M ION  M()I)TTIN(.  \NI)  AN  I I NN  \ ( Ol'Pl  IN(. 

I he  Il’M  program  coiisivlers  the  selevliviiy  ,iiul  the  inscilion  loss  ol  lillci  vlevues  I he 
ch.ii.icleristic  vl.il.i  ol  the  lillci  vlcvicvs  ,ne  supplicvl  by  the  user  .iiul  .iiv  stoiwl  in  the  vhil.i  b.isv- 
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i rile  user  has  the  option  ot  speeilying  any  one  ol  the  I'ollowing  antenna  coupling 

algoritlims: 

I'ar  tield  coupling 
Near  field  coupling 
User's  supplied  coupling  tahle 

l or  far  field  coupling,  the  I riis  relationship  for  free-space  coupling  is  used. 

1 wo  approaches  have  been  taken  to  simulate  the  near  field  situation.  The  first  uses 
linear  antenna  coupling  algorithms.  Hie  second  centers  upon  integrated  subaperture  coupling 
and  is  used  in  conjunctive  development  with  the  scattering  model.  I he  linear  antenna  model 
treats  two  center-led  antennas  having  sinusoidal  current  distributions.  I his  nioilel  is  used  pri- 
marily to  estimate  coupling  losses  involving  large,  closely  spaced  antemia  structures  in  the  hf 
range  and  below.  1 he  utility  ol  the  model  depends  on  how  well  these  ideali/cd  antennas  simu- 
late the  actual  situation. 

The  integrated  subaperture  model  considers  lirst-order  scattering  elTects  due  to  top- 
side structures.  It  provides  the  capability  for  estimating  Helds  in  the  near  field  of  aperture 
and  dipole  array  antennas  in  the  presence  of  one  cylindrical  member  and  one  Hat  plate  struc- 
ture. but  it  does  not  use  the  approach  which  involves  numerical  solution  of  the  integral  ciiu.i- 
tions  that  describe  a system  of  surlace  currents  and  associated  Helds.  It  is,  therefore,  not 
applicable  to  bouiulary  value  problems. 

In  addition  to  the  various  near  field  and  tar  field  algorithms,  the  IPM  otters  the  cap.i- 
bility  to  store  and  access  tabular  lunctions  ol  coupling  loss  versus  freiiueiicy  for  specific 
antenna  types.  I'liis  option  is  useful  when  measured  data  or  other  olT-line  coupling  algo- 
rithms are  available. 


d.S  PRINTOUTS 

The  IPM  program  has  four  options  liiterlerence  Prediction  Program.  Powei  Sum- 
mary Program,  l lectromagnetic  Radiation  Program,  aiul  Rusty  Holt  Program.  I he  outputs 
of  these  options  are  discussed  below. 

Pile  outputs  of  the  Intertereiice  Prcilictioii  Program  include: 

Problem  specification  ilata 

Interference  summary  tables  which  give  the  number  ol  tunes  that  an\  Ir.iiismil tei . 
receiver,  or  antenna  is  involved  in  cases  ol  interference 

Interference  identification  tal'les  which  consist  ol  If  intcrierence  idcnliHc.ition.  it 
saturation,  and  receiver  intermodulation  intertereiice  tables 

Hie  Power  Summary  I’rogram  gives  .iv.iil.ible  power  at  .my  ol  lour  points  in  the  signal  process- 
ing chain  on  the  receiver  side: 

At  the  receiver  antenna  output 
,\t  the  receiver  mpiil 
.After  receiver  rl  tillering 
At  the  receiver  II  output 


:s 


I 


I lie  power  ealeiilated  may  he  the  total  power  in  all  emissiuiis,  or  it  may  he  the  power  levels 
in  eaeh  ol  a selected  set  of  freciuency  intervals. 

Ihe  output  ol  the  l lectromagnetic  Kadiation  Program  provides  the  spatial  power 
density  in  watts  per  square  metre  in  each  frei|uency  inter\al  lor  a specified  location.  It  also 
provides  the  field  strength  in  volts  per  metre  in  each  trec|uency  interval  for  the  specified 
location. 

Pinally,  the  output  of  the  Rusty  Bolt  Program  shows  the  frequency  and  the  power 
level  of  each  topside-generated  intermodulation.  The  transmitters  associated  with  the  inter- 
modulation are  also  indicated. 
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4.0  TRANSMITTER  AND  RECEIVER  EQUIPMENT 
DEVELOPMENT (TRED) 

4.1  GENERAL  DESCRIPTION 

TRED  was  developed  by  NELC  in  1071,  It  was  intended  to  establish  the  eleelrieal 
pert'ormance  characteristics  required  in  lit' coinnuinication  eriuipineiUs  lor  successt'ul  opera- 
tion on  naval  ships.  rRI:l)  is  a manual  design  procedure  which  is  based  on  obtaining  equality 
of  Onasi-Minimum  Atmospheric  Noise  (OMAN)  and  receiver  internal  noise  at  the  receiving 
subsystem  input  for  hf  band  and  below.  When  frequency  increases  above  .h)  Mil/,  it  is 
increasingly  likely  that  the  receiver  noise  exceeds  the  external  natural  noise  level.  In  this 
case,  1 RED  uses  the  receiver  noise  as  an  interference  criti'rion. 

As  described  in  section  1 .2,  I RE  D lollows  a ste|>-by-slep  design  procedure  to  make 
sure  that  the  interference  power  levels  are  below  the  acceptable  maximum.  I igure  4-1  shows 
[ RED  rf  system  design  procedure.  1 he  procedure  can  be  divided  into  three  mam  steps  I irsi, 
a required  antenna  deficiency  is  established  by  the  application  ol  (,)M.\N.  I he  required 
antenna  deliciency  is  then  used  to  determine  the  reeeiving  subsystem.  Secoiul,  the  inmimum 
allowable  antenna  coupling  is  established  by  using  the  most  important  direct  threat  I inally , 
a transmitting  subsystem  is  established  such  that  the  indirect  threats  are  less  than  the 
receiver  noise.  However,  in  the  first  step,  if  the  natural  noise  power  level  is  below  leceivei 
noise,  no  antenna  deficiency  is  reciuired. 


4.2  MODELINC;  PHILOSOPHY 


1 RM)  uses  a deterministic  approach  in  system  modeling. 

I R1  I)  does  not  model  each  timctional  block  of  a receiver.  It  treats  a receiver  as  a 
“black  box”  winch  is  modeled  by  measured  data  ol'  receiver  .sensiiivitv . receiver  cross  modu- 
lation. densui/ation.  receiver  spurious  responses,  and  receiver  intermodulation. 

4.3  ELEXIRILITY 

Since  I RI  I)  is  a manual  design  procedure,  it  is  llexible.  It  lollows  a step-by-step 
development  of  problems  and  provides  visibility  of  possible  solutions  to  them.  If  a computer 
program  of  the  I'RED  approach  is  to  be  developed  in  the  future,  tlexibility  would  be  possi- 
ble. Perhaps  the  computer  program  would  be  of  the  interactive  type. 

4.4  DATA  BASE 

TRlil)  requires  measured  data  and  spectrum  signature  data.  No  modidation  spectra 
are  included  in  the  data  base.  .At  present,  only  limited  data  are  available. 

4.5  NOISES  AND  INTERFERENCES 

I Rl'l)  considers  most  of  the  noises  and  interferences  described  in  section  1 .2  except 
passive  device  generated  intermodulation,  rusty  bolt,  and  shipboard  man-made  noises. 

•Although  I'RI  I)  does  not  address  the  problem  of  rusty  bolt,  an  approach  to  it  has 
been  developed  by  NT  LC.  Hie  approach  is  based  on  finding  the  strongest  of  the  unknown 
number  of  intermodulation  contributing  sources,  removing  it,  and  then  repeating  the  process 
with  the  remaining  sources  until  an  acceptable  interference  signal  level  is  reached.  I he 
method  of  identifying  the  strongest  source  of  intermodulation  interference  in  the  topside 
environment  of  a ship  involves  a two-frciiuency  test  procedure  and  the  use  of  an  elemenlarx 
ilireclion  finding  technique. 

.\  number  of  investigations  were  conducted  ,it  hf  to  find  the  norm.d  toi^side  mter- 
modidation  level.  In  general,  third-oriler  intermodulation  is  about  -47  dBm  lor  ships  not 
h.iving  improvement  programs,  when  the  level  of  transmit  fundament.il  frequency  powers 
IS  I k\V.  This  topside-generated  intermodulation  power  level  can  be  reduced  to  the  (,)\1,\N 
level  as  required. 


4.6  INTERFERENC  E THRESHOLD  CRIIERIA 


A basic  criterion  is  that  the  receiver  output  due  to  Ihe  signal-phis-.itmosphenc-noise 
input  (S  + N^^i  should  not  be  imp.iired  by  more  lh,m  .'  dB  by  internal  receiver  noise  or  by 
any  system-related  interlerence.  I bis  condition  exists  when  the  reeeiver  intern. il  noise  .iiul 
Ihe  (,)M,\N  are  made  equal  at  the  receiving  subsy  stem  input.  I he  receiver  miern.il  noise  is 
expressed  in  terms  of  receiver  noise  ligure.  which  is  the  level  ol  receiver  noise  povvei  with 
respect  to  thermal  noise  power  in  dB. 
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llic  (,)MA\  levels  arc  haseii  on  two  sources:  a comi'rehetisive  esamiiialion  ol  e\|iecled 
noise  at  iiianv  locations  ami  lor  all  seasons  using  data  Ironi  the  National  lUiicau  ol  Standards 
Noise  Measurement  I’rogram;  and  shipboard  measurements  made  at  sea  m a tvpical  low  noise 
region.  I he  i|uasi-minimum  values  are  based  on  judgment  rather  than  on  specific  computations. 

I wo  antenna  system  parameters  have  been  established  m the  sssleni  desien:  the 
antenna  deliciency  rei|uired  to  match  (JMAN  and  receiver  internal  noise  and  the  traiismitting- 
to-receiving  antenna  isolation  revpiired  to  keep  the  level  ol  impact  ol  transmitting  fundamental 
power  at  the  receiver  down  to  the  receiver  internal  noise  level. 

I he  basic  criterion  that  any  locally  generated  interference  level  should  be  less  than  the 
(,)MAN  level  is  used  lor  the  intericrence  evaluations  ol  spurious  emissions,  Iransmittcr  broad- 
band noise.  Iransmittcr  intermodulation,  and  harmonics.  Similarl> . receiver  performance 
shall  not  be  reduced  more  than  3 db  as  a result  of  cross  modulation,  receiver  intermodul.ition. 
desensiti/ation.  or  spurious  responses  in  the  receiver  caused  by  undesired  local  signals.  I or 
each  receiver  interference  the  allowable  interfering  power  limit  at  the  receiver  input  terminals 
IS  estimated  Irom  measurement  data;  for  example,  the  cross  modulation  limitation  ol  the 
R-IO.sl  receiver  is  about  —It)  dbm  the  power  level  ol  the  receiver  input  lor  a frei|uenc\  d-l  J 
Irom  the  tuned  lrei|ueney  ot  the  receiver.  Deseiisili/ation  and  receiver  intv'rmodul.ition 
products  Occur  at  approximately  the  same  power  levels  as  those  at  which  cross  modulation 
occurs. 

When  the  receiving  subsystem  freiiuency  coincides  with  a local  transimttei  liecpicncv . 
there  might  be  a problem  from  the  possibility  ol  receiving  nuilticoupicr  lU  receiver  d. image. 
.Adeiiuate  protection  measures  should  be  employed  to  prevent  these  damages. 

The  discussions  of  this  section  are  based  on  the  assumption  that  the  external  noise 
exceeds  the  receiver  internal  noise.  If  the  assumption  is  not  true,  then  an  antenna  deficiencv 
does  not  exist.  Nevertheless,  the  receiver  noise  is  still  used  as  an  mlertevence  cntenvMv 

4.7  ATTENUATION  MODELINO  AND  ANTENNA  COUPLING 

I Kl  I)  considers  the  selectivity  and  the  insertion  loss  of  filter  devices.  It  .iNo  con 
sillers  the  possibility  ol  receiving  multicoupler  damage  due  to  overload,  but  it  does  not  con- 
sider mismatch  losses. 

.As  mentioned  previously.  I Kl  I)  uses  direct  threats  to  establish  the  minimum  .illow 
able  antenna  coupling  value.  I his  is  ipiite  different  from  the  approach  used  m the  SI  \l(  A. 
ll’M,and(  OS.AM  programs.  I hese  programs  calculate  the  value  of  antenna  cou|iling  iiul 
[vredict  the  power  levels  of  direct  threats  ,md  indirect  threats. 

4S  PRINEOUTS 

Since  I Kl  I).  in  its  present  form,  is  a m.iniial  design  procedure,  it  can  be  used  to  cal- 
culate the  rei|uired  antenna  deficiency,  the  reiiuired  antenna  coupling.  ,md  the  interlerence 
power  levels  of  v.irious  direct  and  indirect  thre.its  at  the  input  to  the  receiver 


5.0  CO-SITE  ANALYSIS  MODEL  (C  OSAM) 


5.1  CIENERAL  DESC  RIPTION 

COSAM  l\as  lx'v;n  di;velopoJ  hy  H'.AC  aiul  11 1 Research  Inslitule.  It  is  a computer 
proijram  for  the  evaluation  of  the  l AlC  potential  of  a single  site  which  employs  a large  num- 
her  of  transmitting  and  receiving  equipments.  It  is  used  to  evaluate  interactions  between 
communication  equipments  in  a statistical  manner.  Hie  development  of  ( OSAM  was  divided 
into  three  stages:  single  channel  uhf  AM  voice  transmitting  receiving  systems  were  consid- 
ered first,  then  the  vhf  I M systems,  and  finally  Id  SSR  systems. 

rile  ulit  ,AM.  vhf  I'M.  Id  SSH  portions  of  COSAM  were  validated  in  Id"'  | . | o~  t,  ,md 
1075,  respectively.  Measurements  were  made  of  numerous  interactions  at  the  CS  Army 
l lectronic  Proving  Croimds;  results  were  conip,ired  with  predictions  made  hy  the  ( OSAM 
Program.  I or  the  uid  .AM  portion,  it  was  found  that  ‘O',  of  all  the  cases  resulted  in  ddici 
ences  between  measured  SIN.Al)  values  (S\|)  and  associated  mean  values  (Spi  of  less  ih.in 
10  dB.  I'or  the  vhf  IM  portion,  the  result  was  ‘H)  < . and  rmally  S2'  lor  the  id  SSB  portion, 
f igure  5-1  shows  the  cumulative  probability  distribution  ol  iS  M-^P  I lor  three  portions  iil 
the  COSAM  program.  I he  term  SIN.Al)  represents  the  signal-pliis-noisc-pliis-mtci  lcicnce  io- 
noise-plus-interference  ratio,  or  (S  + I + N ) (I  + N ).  in  dB,  at  the  output  ol  the  rcceivci 
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I igurc5-1.  ValklaluiM  c^t  COSAN!  c\muilati\c 
prohdhiliiy  dislrihulion  of  ISyj  - I. 


I he  2-30-MI  1/  baiul  represents  a (.lilTieult  analytical  problem.  Hie  hi  band  encom- 
passes more  tlian  three  octaves,  whereas  tlie  iihl  and  \hl  portions  ol'COSAM  consider  eipiip- 
ments  wliose  timing  ranges  involve  approximately  one  octave.  I igiire  .x-l  indicates  that  the 
111  SSli  portion  olCOS.-WI  is  the  least  accurate  one  among  the  three  (Hirtioiis.  despite  tlie 
tact  that  additional  elTorts  have  been  made.  .Since  l‘t"2.  a three-pliase  hi' development  pro- 
gram has  been  instituted.  I’luise  I was  the  development  of  a coupling  model  which  w ould 
provide  a statistical  estimate  of  path  losse'^  between  collocated,  properly  matched  lit' antennas. 
Phase  11  was  the  development  ol  an  antenn.i  coupler  selectiv  ity  model  which  would  provide  a 
statistical  estimate  of  orr-rreiiuency  rejeclioii  ch.iracteristics  ol  various  impedatice-tiialchmg 
tielworks.  wheti  used  with  a variety  ol  hi  l.aiisninters.  receivers,  and  antennas.  I his  phase 
resulted  in  the  development  ol  the  I r.iiiMiiitter/Keceiver.  .\iiteiina.  ( oupler  1 valuation 
( rR.ACI' ) model.  Hie  third  phase  was  the  generation  of  hf  transmitter  and  receiver  param- 
eter values  which  can  be  used  in  ('()S.\\1  models,  I'he  process  implied  a capability  to  model 
perrorniance  of  equipments  for  which  no  measured  d.ita  are  available,  on  the  basis  ol  simi- 
larities with  equipment  for  which  measured  data  are  available.  On  the  basis  ol  the  results 
of  the  validation  of  the  lit  portion  of  COS.XM.  1 C.\(  recommended  that  the  following  areas 
should  be  investigated: 

Determination  of  coupler,  transmitter,  receiver,  and  antenna  characteristics  contri- 
buting to  mismatch  losses  when  frequency  separations  exceed  one  octave. 

Determination  of  what  interniodulation  orders  should  be  considered  when  hf  ti.ins- 
niitters  and  receivers  are  collocated. 


5.2  MODELING  PHILOSOPHY 

riie  ('OS/\M  program  uses  a Monte  Carlo  simulation  technique  ( I ()()()  samples)  to 
obtain  a prolnibility  distribution  of  SINAI)  which  represents  the  ratio  of  (S  -t  I -r  N)  (I  + N) 
111  dH  at  the  output  of  each  receiver  specified  in  the  analysis,  file  procedure  used  to  obtain 
the  SlNAD  distribution  is  described  below. 

riiree  variables  are  involved.  Pj  is  the  desired  signal  power.  Pj^  is  the  ambient  noise 
power  level,  and  Pj  is  the  sum  of  five  effective  input  on-frequency  interferetice  power  levels 
(lPj„y).  P^|,  P„.  atid  Pj  are  random  variables.  I'lie  probability  distributions  of  P^^j  .ind  P„ 
are  not  cotiiputed  by  COS.AM.  Instead,  P^^i  and  P|,  are  assutned  to  be  Gaussian  ratulom 
variables.  However,  ( OSAM  detertiiines  the  probability  distributioti  of  Pj. 

Pj  is  the  sum  of  Pj„(j.  Pj,,^  is  the  effective  input  on-frequency  interference  power 
level  due  to  a single  interaction.  I'liere  are  five  ititeraction  types  which  are  calculated  by 
COSAM  for  each  receiver  versus  the  transmitters  specified  in  the  analysis  These  interaction 
types  are  adjacent  signal,  receiver  intertnodiilation.  transmitter  mtermodulation,  receiver 
spurious  response,  and  transmitter  spurious  emission.  C()S.\M  provides  equations  to  c.ilcu- 
late  each  of  the  five  interactions,  the  value  of  Pj„y 

The  iiarameter  I S (I  r \ ) 1 is  calculated  by  using  the  equation 


IS  ll  t Nil, 


I 0 log  I 0 


This  parameter  is  defined  .is  the  elleclive  input  on-frequency  sign.il-to-inlerleietice  phis- 
tioise  ratio  resulting  from  .my  of,  or  the  combined  eltects  ol,  Ibe  live  ty  pes  ol  mter.icl ions 
predicted  by  ( OS  \M. 


I 


Receiver  detector  transler  timctioii  equations  are  then  used  to  coiuert 
1S/(1  + NMjfio-  the  input  ratio,  into  |S(I  + N)l^.  the  output  ratio.  Tlie  detector  transter 
function  depends  on  the  modulation  types  of  the  desired  signal  and  undesired  signal. 

l iiially,  the  value  of  |Sdl  + N)|^j  can  he  easily  transformed  to  SIVM)  as  follows; 


SIN.A1)=  10  1og|Q 


, + ,o0.1|S/(l  + N.|^ 


dB 


In  brief,  one  receiver  is  selected  and  an  interaction  table  is  examined  to  determine 
which  transmitters  are  potentially  significant.  I hen,  for  each  intcr.iction.  the  .ippropriatc 
I’j,  Pj,  and  other  parameter  distributions  are  selected  and  a single  \alu  is  chosen  from  each 
by  means  of  a random  number  generator. 

A single  value  of  is  computed  from  these  values,  the  nest  interaction  is  consid- 
ered by  use  of  the  same  points,  as  applicable,  and  so  on.  I'his  process  is  termed  a “run." 
Then,  for  the  same  receiver,  1000  runs  are  performed,  eventually  resulting  in  a predicted 
SINAI)  output  distribution,  laich  receiver  is  considered  in  the  same  manner. 

Next,  the  receiver  modeling  of  C'OS.AM  is  considered.  1 he  rccencr  model  of  ( 'OS  \M 
is  determined  by  the  etpiations  which  calculate  Pjj^y  and  the  detector  tr.msfer  function  eipi.!- 
tions.  Ihe  ecpiations  for  the  calculation  of  1’!,.^^  will  be  presented  in  section  5..s.  In  order  to 
account  tor  certain  nonlinearities  in  the  receiver,  specific  power  break-points  ha\e  been 
specified  in  the  adjacent  signal  and  receiver  intermoduhition  equations.  1 or  each  ccjiuition. 
if  the  interfering  power  level  exceeds  the  break-point,  one  constant  is  used:  if  it  does  not. 
another  constant  is  used.  .As  to  receiver  modeling.  1 C'.AC  has  developed  two  techniiiues; 
namely,  receiver  waveform  simulation  and  time  domain  simulation  of  digital  rccei\crs.  I he 
results  of  these  simulation  programs  have  been  applied  to  CO.S.A.M. 


5.3  FLEXIBILITY 


COS.AM  IS  developed  mainly  for  interference  evaluation.  COS.AM  has  the  option  of 
using  the  program-supplied  antenna  coupling  model  or  not. 


5.4  DATA  BASF 


The  data  base  ol COSAM  includes: 

Nominal  cipiipmcnt  data  extracted  from  various  sources 

.Mean  v.ihies  .ind  .issoci.iled  st.md.ird  ileviations.  where  .ii'plicable.  of  the  \aiious 
parameters,  fhese  parameters  ,ire  used  to  calculate  the  ctfccts  of  fi\e  inteixictions.  1 he 
parameter  values  are  generated  Irom  spectrum  signatures  or  trom  snnil.ii  equipments  lor 
which  measured  data  are  av.iilable.  II  ,i  par.imetei  is  considered  .is  a r.indom  v.inable.  iisu.ilK 
it  is  assumed  that  the  random  v.iriable  h.is  ,i  (..lussijn  distribution. 

Rules  for  ilescribmg  Ircquencx  s\  nthesis  procedures  which  .irc  obt.imcil  Irom  techni- 
cal manuals.  I hesc  rules  ,nc  used  to  ex.ihi.itc  Ircipicncx  icl.itu.mships  which  detciminc  the 
probable  existence  ol  tr.insinittcr  spin lous  emissions  .nul  receiver  spurious  responses. 

COSAM  does  not  consider  movlul.ition  spectr.i.  ( OS  \\l  h.is  .m  .idcqu.itc  number  ol 
equipments  which  have  d.ita  stored  in  the  d.it.i  b.ise. 


5.5  NOISLS  AM)  IN Tl  R1  LRl  NC  LS 


.As  mcnlionoi.1  in  section  5.2.  there  are  live  inteiaction  types  considered  In  COS.AM. 

I iie  niotlel  o(  each  infcraclion  is  described  liclovs'.  Adjacent  signal  mierlerencc  includes  cross 
modulation,  dcsensiu/ation.  saturation,  and  the  etTects  ol  transmitter  noise. 

I he  eiiuation  lor  tlie  mean  value  of  Ihe  effective  input  on-frequcncy  interference 
power  level  from  an  adjacent  signal  is; 

where 

I’l  = input  undesired  power  m dBm 

= effective  off-lrequency  rejection  (due  to  Af)  in  dll 
I'j  = input  desired  power  m dBm 
M = a value  of  the  slope  AB|  Al’^^j  = I ()  for  I’j  < I’lP 

> ! .0  lor  !>j  > Bq, 

= receiver  sensitiv ity  in  dBm 
I’ll-,  = -I  specified  interfering  power  break-point 

V alues  forp^.C)-.  M.  Pq.,.  and  K.^  are  obtained  trom  equipment  spectrum  signature 
measured  data.  However,  it  is  quesiionablc  that  the  indirect  threat  (iransmilier  noise I and 
the  direct  threats  (cross  modulation,  etc)  should  be  represented  by  a single  equation. 

( lie  espression  for  spurious  response  calculations  is 

•’mo  = l<s  + vi  (P^,-f3„.)  . 


where 

I’lno  = effective  on-tune  interference  power  in  dBm 
Pj  " input  iimlcsired  power  in  dBm 
R.,  = receiver  sensitivity  in  dBm 

= elTective  spurious  response  rejection  in  ilB 
q = a positive  integer  which  represents  the  harmonic  ol  the  spurious  Irequcncy 

I quations  .ire  used  in  ('()S.\M  to  determine  Ihe  various  receiver  11  and  local  oscill.itoi 
(1  O)  frciiuencies  as  a function  ot  tuned  frequency  I he  spurious  response  Irequenev  is  then 
c.ilculated  as  a tunclion  ot  the  II  ami  I.O  Irequencies 

Ihe  espression  to  compute  the  spurious  emission  |vovver  at  the  receivei  i.ikcs  the 

tbrm 

I’lno  '’.-^isc-^^'^t'-'tr-'  ■ 

where 

I’lno  ~ clleclive  on-lune  mtcrierence  power  in  dBm 
P|  tr.iiisinilter  powei  in  ilBm 


= et'lectivc  spurious  emission  rejeelion  m dH 
= olT-trequeney  rejection  due  to  tlie  transmitter  coupler  m dlt 

('ij.  = coupling  loss  hetween  transmitter  and  receiver  due  to  antenna  gains  and 

path  loss  in  dli 


and 


I he  value  of  I dl5  represents  the  insertion  loss  of  the  receiver  C(jupler. 
riie  transmitter  intermodulation  [lower  is  given  by  the  ev|uaiions; 

I ill,  - ml  ^.  + n( I j - ) - K|||  I,  - jJv  r 


im 


-^(Cv)-Ct,- 


where 


im 


"VI 


in.n 


V r 


nut 


= power  level  ot  the  IM  product  at  the  transmitter  at  trequenev  1||„  m ilBin 
- output  power  level  ot  the  vietim  transmitter  signal  at  t^  in  dBm 
= received  power  level  ot  the  intertermg  transmitter  signal  at  t,  in  ilBm 

ot t'-trequency  rejection,  a I'unction  of  trer|uenc^  rlift'eience  between  t^  .md 
t|  and  the  vietim  transmitter  output  seleciiviiv . m dB 

transmitter  conversion  loss  term  tor  the  in-tii  oitler  case 

oft'-t requency  rejeetion.  a function  ot  the  rhl'terence  between  t^  .nut  t,  where 
f,  ' til,,,  aiul  f|.  IS  the  tuned  treipieney  ot  a victim  reeeivei.  m dB 

mteeers 


ml,  - nfj 


\'alues  for  k s | • k s and  k j s have  been  cominited  Irom  spectrum  signatuies 
Ihe  receiver  mtermoduhition  power  is: 


mo 


111(1  ^ |i^|.)  ■*  11(1  I ^J|,l  I)  (or  k III  1,1 


where 


P 

mo 
in. 11 

I’  i’ 
d’vr-  ^’ir 

tr 

^111,11 

*^in.n 


power  ot  the  mterniodulation  punluet  produced  m the  receivei  in  vIBm 
integers 

power  level  of  iiiulesireil  sign.ils  m dBm 

olt-tiequeiicv  leicslion.  ,i  tmution  ot  (he  ditlereiue  between  undesireil 
trei|iieiieies  and  receivei  tu. lot  trequenev  1 1 i.  where  t t||||.mdB 

nit^  - lit, 

receiver  rt  .miplitier  eonveision  loss  k||,  ,,  is  usol  it  1’^.  and  I’,  aie  gie.itei 
th.m  I mieilermg  powei  I'le.ik  point  i 

Ills!  iiiixei  conversion  loss  km  ,,  is  used  it  eitliei  1’^  oi  1’^  is  not  eieatei 

thanl’ibi. 


\ .dues  ot  k I I . k 1 I . k - s,  .md  k j ; toi  Ihe  tiivt  imvei . .md  k'|  j . k's  | k';  ' .iiul 
k'j  < toi  Ihe  it  .iiiiphtiei.  .is  well  .is  p curves.  Ii.ive  been  comivuterl  tioni  speclruni  sign.iluie 


Note  lluil  m the  comput;ition  ol  parumclcrs  I’|.  I’|.  1’^.  f- p'si' '''sc  r 

( ||..  K|j,  ij,  ;iiul  K’lu  u .iix'  considered  ns(i;iussian  random  \anables. 

(OSANl  does  not  treat  passive  device  generated  ititermodiilation,  nist\'  holt,  ship- 
board man-made  noises,  and  receiver  burnout 


5 6 INri  Kl  E KI  NC  l I M Kl  SHOE  I)  t RITl  Kl A 

I’lie  ( OSAM  model  computes  the  statistical  distribution  lie.  hislograml  ol  SIN  \|) 

I he  User  has  to  set  a SIN  \1)  threshohl  value  which  is  baseil  on  an  articulation  score  me.isuie 
I he  (OSAM  model  then  computes  the  probabihtv  ot  exceeding  this  threshold  v.ilue  I his 
gives  a numerical  score  upon  which  the  seriousness  olAlegi.idation  to  a system  is  determmerl. 
A threshohl  value  ol  SINAI)  which  gives  an  aiticulation  score  ol  0.7  is  eommonlv  usevi  I oi 
exam  file.  ,i  SI  N.-\l)  I'l  I 0 vl  b is  useil  m the  hi  SSb  port  ion  v)l  ( ( ISAM 


5 7 AE  EE  NDAEION  MODE  I INC,  AM)  \NI  I NNA  ( OlIM  IN(. 

( OS.WI  cviiisiders  the  select  iv  it v'.  i use i lion  loss,  .uul  inisin.il  Ji  hiss  i bv  using  the 
I R \(  I progr.im  I of  I'd  ter  ilev  ices.  \'ai  lous  algorithms  ,ne  prov  nhil  loi  the  va  leu  la  I ion  ol 
.mienna  coupling  loss, 

I he  (OS.WI  iirogram  has  two  opt  ions  lor  vlescribmg  a tteiiu.it  ion  ol  I illei  dev  ices 
I he  tirsi  assumes  that  the  ori-lreviuency  reieclion  loss.pK  ).  vine  to  antenna  couplers  is  that 
ot  N wisc.ided  single-|iole  UuUervvairlh  ti.indp.iss  tilters.  Ihe  second  perm.ts  the  iisei  to  m|nil 
,mv  set  of  reieclion  v.ilues  vlescribing  losses  between  transmitters  aiul  assoeialeil  .mienn.is  ,is 
well  .IS  receivers  aiul  associalevi  anteniKis 

In  gener.ih  hi  .mieiin.is  .ire  not  matchevl  to  the  Ir.insmillei  (or  reeeiver)  ,iiul  ir.msniis- 
sion  line  over  much  ol  the  hi  baiul.  I he  piesence  ol  a coupler  or  malvhmg  network  will 
imirrove  the  match  at  Ihe  tunevi  Irecpiencv  .iiul  will  coniribule  to  the  reieclion  ch.ii.k  terisl ics 
.It  rrevjuencies  ilist.inl  Irom  the  limevi  rievpiencv 

I he  I RA(  I progr.im.  ilevelopevl  bv  I ( \(  , provules  .i  si.iiistical  vlistiibution  ol  the 
rejection  chai.u  leristics  of  .mv  Ir.msmiller  (or  receiverl  aiul  .inienn.i  combination,  mcliulmg 
the  etlecls  ol  .issoci.ilevl  couplers  ,iiul  I r.iiismission  lines.  In  in. my  .inleiin.i  .ipphc.it ions, 
uncerl. unties  exist  m the  lengths  ol  the  Ir.msniiller-lo-couplei  ,mvl  Ihe  couplet  to-. mienn.i 
lines  rile  statistic.il  distribution  ol  the  reieetion  cb.n.iclei  istics  is  gener.iteil  m I R \(  I bv 
allowing  Ihe  line  lengths  to  v.irv  r'ver  s|iecilierl  r.mges,  turtimg  tlm  couplet  .uul  c.ilciil.iting  llu' 
v.irious  losses  .It  Ihe  lier|uencies  ol  mteiest.  Iheiesultsol  I R \(  I c.in  be  iisevl  bv  ilie(()N\M 
program, 

( ( )S  \M  L .ilcul.iles  the  .III tcmi.i  coupling  h'ss  by  one  ol  two  met h oils  dei'ending  upon 
the  co-sile  itisl.ilhilion.  II  a ground  or  ship  mst.ill.ition  is  being  .m.ilv ved.  one  method  is  used 
II.  on  Ihe  other  h.iiul,  the  msi.ill.it ton  is  .m  .nrci.ill.  .i  second  method  must  be  used  I he 
method  lot  Ihe  ship  msl.ill.il  ion  is  desciibed  below 

I or  Ihe  nil  I \M  ivoi  t ion  ol  ( ( )S  \M  ihe  sl.ilisiic.il  espiession  loi  Ihe  c.ilcui.ii  um  ol 
.uileiin.i  coupling  loss  is 

( (all  (a.'' I- -4-1  '()  sm-(l  ♦ 7(1  ( I I sin- hi  logujidl  I . 


here 


Cl  I ),(i(  J)  = 

J 

I 

0 


mejii  eoiipling  loss  helween  .inteniuis  1 aiul  2 iii  JK 
il.iiiis  in  liM  ol  .iiUeiHKis  I aiul  2.  respeeliveh 
ilist.inee  between  anleitn.is  in  leet 
Ireiiueney  ol  transiniUed  signal  in  Mil/. 

\ertieal  angle  between  antenna  positions  in  degrees 


I he  statislieal  ilisiribtilion  ol  antenna  eoiipling  loss  is  assmneJ  to  be  (.aiiss/an  a/ul  a laltie  ol 
standard  deviation  is  supplied. 

1 or  the  \hl  i M portion  ol  ( OS  \M,  the  expression  ( p is 


Cp  - -Cl  1 I - Cl  2 1 - -O  - 1)0  sin “ 0 + 20  I 1 + sin~  II I log  ] ,,i  dl  l + 1 4 I’  i I - sinll  i 

where  1’  is  polari/ation  laetoi  1 lor  eross  polari/alion.  0 otheiwise  \gain.  antenna  eouplin 
loss  IS  assumed  to  be  a (laussian  random  \ariable  and  a value  ol  standard  ilevialion  is  sii(ip|ieil 
In  the  program 

I heie  are  \ arious  expressions  ol  ( p lor  the  hi  portion  ol  ( OS  \\l : the  models  aie 
listed  as  billow s: 


(0\l  K,l  K.M  l()\ 

MODI  I. 

W hip-lo-w  hip 

‘ P --‘'wmi*  ^ 'i 

s- 

' (>\\  I 

sin'll  -50 

r 20  log  Kl 

\Miip-to-ilipole 

^ p - -^’Wllll*  “‘O)!!’!)!  I 

• MAX  I , 

S ' (,\V 

+ sill'll  -50 

t 20  log  Id 

• 14  I I 

- sinll  j 

I )ipole-to-ihivole  (equal  heights i 

1 

parallel  orientation 

^ p ■ “-‘'DIIOl  I 

* MAX 

' I S ' (,\\ 

1 

perpeitiheulai 

‘ P “-‘  'Dll’Ol  I 

t MAX  I 

'l 

S '(,\\ 

|.M 

orientation 

endlo-eiul 

‘ I-  “'‘OlllOII 

t MAX 

'l 

s ' i.wj 

• :o 

otientalion 

4S  orientation 

‘p  "'‘'DII’OII 

• M \X 

'l 

S ' ( A\ 

♦ .s 

M.\\|l|s  l,,w|>Ohe 

huger  ol  the  I vv o losses  eab  i 

ulaleil  In 

I I V,  - t 20  log  ‘d 

and 


I ( ^ — I 4 - I S log  li  j h ' • 4l ) log  il  1 1 1 l . 

h I . h ' are  "elK  i live'  heighls.  given  In 


>0 


= J' 


''(■)  ^ 


wlicro 

li  is  the  striieliiijl  hciglil  (relative  to  the  feed  point)  in  feet,  aiui 

li  is  tile  minimum  elleetive  heiulit  in  leet. 
o 

I'he  Ibrmuhis  lor  h^,  ;i[i|ily  to  the  type  terrain  eonsidered  in  tlie  test 


log  h^ 


‘•Willi’ 

‘•Dll’OI  1 
d 


I 

0 


1.5  log  1+  .V45  It  1 < r<  :0  Mil/ 

- 1 log  t 1 it  I > 20  Mil/  for  \ertieal  polari/ation 

0 it  r>  I Mil/  lor  hori/ontal  polari/ation 

mean  eoupling  loss  hetween  the  two  antennas  m dH 

gam  ol  a whiti  antenna  m dH 

gam  ol  a dijiole  antenna  m dH 

dislanee  hetween  antennas,  m leet 

trei|uenev  ol  the  transmitted  signal,  in  Mil/ 

vertical  ,ingle  hetween  antenna  positions  m degrees 


.5  S PRINTOllTS 

{'O.S.Wl  provides  three  iuimerie.il  scores;  n.imelv.  the  upper  pertormauce  score  tl  I’Si. 
the  system  perlormance  score  (SI’S),  .md  the  rel.itive  periorm.mce  score  (Kl’S)  UI’S  is  the 
[uohahility  ol'  provivling  aileipiate  perlormance  it  no  mierlerence  is  present.  IM’S  is  c.ilcul.iieil 
hy  an  .malytical  espression.  SI’S  is  the  proh.ihihty  ol  adeipi.ite  perlormance  m the  presence  i>l 
mtert'erence.  SI’S  is  oht.iineil  hy  the  application  ol  Monte  C.irlo  simul.ition  HI’S  is  the  r.itio 
of  SI’S  to  ri’S.  Hie  criteria  Ivir  ailequale  perlormance  .ire  determined  hy  the  user  when  he  sets 
the  threshold  v allies  ol  ( S+N ) N and  (S  + l + N)  (HNi 

Alter  the  computation  ol  each  receiver's  degi.idmg  scores.  .i  prmloul  is  given  sumni.in/ 
mg  the  results  ol  the  interlerence  .malysis,  I he  aver.ige  values  lor  e.ich  mteilereiice  siiu- 
.ilHMi  are  provideil  \ plot  ol  Ihe  SIN  AI)  distrihulion  is  .iKo  prmteil 


1 1 


6.0  OTHER  LESS  APPLICAULE  TECHNIQUES 


6.1  lEMCAP 

II  ,M('.\P  was  licvclopcii  hy  .McDoiindl  .Aircrall  CompaiU'  lor  Rome  .Air  l)i.\ilopiiK-nl 
Center.  It  is  a eompiiteri/eil  analysis  program  tor  tlie  implementation  of  IMC  at  all  stages  ol 
an  .Air  I'oree  System’s  life  eyele  ranging  (rom  eoneeptnal  stnelies  ot  new  systems  to  lielJ 
modit'ieation  of  old  systems.  IIMC.AP  provides  four  analysis  eapahilities;  namely,  speeil'iea 
tion  generation,  waiver  analysis,  design  eliange  evaluation,  and  tradeolf  analy  sis.  I he  progr.im 
pertorms  the  lollowing,  tasks: 

It  generates  E.NK  specifications  to  supplement  or  replace  Mll.-S  r0-4(>  I or  Mil  1-(>1M 

It  assesses  the  impact  of  these  specifications. 

It  determines  the  effect  of  design  changes  and  evaluates  the  teasihihty  ot  new  concepts 

It  provides  intormation  on  design  parameters  that  assist  the  1 \U  and  design  engineers 
m establishing  a compatible  sy  stem  design  and  in  making  tradeolT  decisions. 

I he  program  is  applicable  to  ground,  aircr.it t,  and  space  missile  systems.  It  seems  ih.n 
II  MC.AP  may  be  able  to  analyze  a shipboard  I MC  situation  as  well  by  using  the  moilc  iil  ,i 
ground  system. 

The  main  I'eaUires  and  limit.itions  ol  IIMC.AP  are  listed  below  : 

It  uses  a worst-case  deterministic  approach. 

A receiver  is  modeled  as  a linear  device  wiiicli  is  represented  by  a siisccplibihiy  same 
Hie  nonlinear  effects  of  the  receiver,  such  as  receiver  intermodulation  and  cross  modul.ition. 
are  not  considered  in  the  program.  It  also  does  not  consider  transmitter  inicrmodulal ion. 

Pile  receiver  detector  model  is  based  on  the  assumption  that  the  sumin.iiion  ol  .ill 
interferences  can  be  represented  by  a (iaussian  noise.  1 he  translei  tunction  ol  the  detector 
relates  the  signal-to-noise  ratio  (.SNR)  ol  the  input  to  the  detector  and  the  SNR  ol  the  output 
of  the  detector,  where  noise  is  assumed  to  be  (i.iussi.m. 

I he  interlerence  threshold  criterion  is  determined  by  staiulanl  receiver  sensiiiMiy  .md 
the  iletector  tr.msler  tunction  which  gives  an  acceptable  SNR  tor  ,i  specilievl  modul.ition  type 
ol  ilesired  signal. 

IlMCAP  considers  the  nunlulation  specti.i  ot  lund.iment.il  Ireiiuensy  .md  h.irmomcs 
ol  transmitters. 

( oupling  models  consist  ol  c.ibic  lo-c.ible  coupling,  iliivi  I coupling  i common  imped 
ancei.  .inteim.i-lo-antenn.i  coupling,  c.ible-to-antenn.i  coupling.  I leld  to-c.ible  couidmg.  .md 
c.ise-to-c.ise  coupling.  A user  must  use  (he  piogi.im-siipplieil  coupling  models  I i>i  ev.imple. 
there  is  no  option  lor  the  user  to  use  his  .mtenn.i-to-.mtenn.i  eoupimg  d.it.i 

( )iily  one  filter  c.m  be  smml.ited  between  the  ti.msimttei  (oi  leeeivei  l .iiul  the  ,isso- 
ci.itcii  .mleim.i 

II  M(  AP  does  not  consider  inisin. Itch  loss  .iml  ti.msinission  line  loss 

1 or  use  ill  coniuncluin  with  II  M(  \P  theie  will  be  .i  senes  ol  suppleineiit.il  models 
th.it  will  provide  .iddition.il  .m.ilysis  lor  .iirci.itl  stores,  electroesplosive  devices  .nut  subsvs 
tenis.  lightning,  ni.ignetosphenc  siibstoinis.  .md  si.itic  electricity 


Nonlinear  aiul  liM  near-fields  analysis  models  wliieli  will  eharaeteri/e  the  inpnt 
output  relation  to  nonlinear  eireuits,  1- M/'near-t'ield  interaetions.  and  antenna  and  aperture 
eoupling  are  being  developed  lor  oft-line  use. 

Hie  program  is  being  validated.  I he  results  of  the  validation  will  be  available  within 
S months. 


6.2  tOSIM-l 

rite  CO.SIM-I  program  was  developed  by  II  I Reseaivh  Institute  to  identitv  ihe  poten- 
tial interlerenee  problems  between  transinitter-reeeiver  pairs.  I or  eaeh  transmiiter-reeeuer 
pair,  C'OSIM-I  examines  the  transmitter  tundamental  and  up  through  the  twelfth  harmome 
emission.  Interlerenee  is  said  to  result  whenever  a transmitted  ^ignal  has  been  tound  to 
exeeed  the  interlerenee  threshold  fora  reeeiver  m the  system.  Hie  interlerenee  threshold 
IS  iletermined  by  the  sum  ot  reeeiver  sensitivity  and  the  margin  .M.  whieh  is  an  input  par.im- 
eter  speeil'ied  for  eaeh  reeeiver. 

.\  primal^'  assumption  ol  t OSIM-I  is  that  the  reeeivers  are  linear.  Keeeiver  lespoiise 
IS  t.iken  to  be  proportional  to  the  magnitude  ot  the  signal;  le,  nonlinear  etTeets  sueh  as  over 
loading,  saturation,  and  intermodulalion  are  not  eonsidered.  Other  important  I \K  -related 
ivirameters  not  eonsidered  by  C'OSlM-1  are  transmitter  broadband  noise,  traiismiiter  mtei- 
nioilulation,  and  spurious  emissions.  Rapid  analysis  is  eonsidered  to  be  one  ot  the  prime 
objeetives  of  the  COSIM-I  program.  IJiilbrtun.itely.  it  results  in  .111  oversimphrieil  ev.ilu.iiion 
ot  the  potential  interlerenee  in  a given  eleetroniagnetie  environmenl 


6..?  ISC.AP 

l.SCAP  was  developed  by  Saehs  I reeman  Assoeiales  and  has  been  used  lor  solving 
wire-to-vvire  eoupling  problems,  .miong  other  things.  Ii  w.is  designed  tor  gener.il  mti.isysifin 
eompatibilily  analysis  vvliieh  mehules: 

Ml  1 -S  ri)-4(i‘^<.  elieek  ol  rad.ir  design  eh.ir.ielerislies 

Mil, -SI  l)-I.S,SH.  eheek  of  eomiiiumealion  ei|uipnieiil  design  p.ir.mieleis 

Speetrum  overlap  .iiul  interlerenee  poteiili.il  Irom  tr.iiisniil ter  luiul.imenl.il.  h.irmonie 

•iiul  spurivHis  emissions 

Interlerenee  |votenti.il  through  leeeivei  spurious,  mtermodulalioii.  .md  eross  nuulul.i 
lion  responses 

Inlerteienee  potential  due  to  reeeiver  loe.il  oseili.iloi  i.idi.itioii 

Inlerlereiiee  poleiiti.il  due  to  r.idi.ition  Irom  e.ibles.  e.ises.  .iiul  .intenii.is  loiiplmg 
into  iiondesign  reeeptors. 
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7.0  SI  MM AKY  Ol  COMPARISON 


7.1  TABLtSOI  C OMPARISON 

i'jbics  7-1  tliroLigli  7-7  (.ompaic  SIM(  A.  IPM.  I K1  I).  aiul  COS.AM  willi  rcspci.1  lo 
the  aspects  of  modeling  pliiiosoplu  . neMhility.  data  base,  noises  and  interlerences.  inter- 
ference thresliold  criteria,  attemialion  nuideling  and  antenna  coupling,  and  printouts.  I'he 
comparisons  are  based  on  the  discussions  presented  in  sections  2.0  through  5.0. 

7.2  SUMMARY  AND  C ONTI  NTS 

Pile  main  features  and  limitations  of  SI  NK  ,A.  Il’M.  I K1  I).  and  COS.AM  are  sum- 
marized in  tables  "'-S  through  ’’-II.  I hese  tables  arc  also  based  on  the  discussions  presented 
in  sections  2.0  through  5.0. 


lAMll  7-1.  PKOtiRAM  PI  1 1 1.(  ).S()IM  h . 


IVtomiinislK'  Ol  Slalislkal  .Xppioach 

Receivei  Modeling 

-SI  MCA 

• liiconiplele  stalisiical  appmacli 

• Detailed  model  ol  each  leccivei  liinclional 

• Coiisidor  only  mean  value  and  o but 
not  I’Dl 

block 

IPM 

• IXiterinmislie  approach 

• Use  sensiliv  ily . 1 1 seleciiv  ilv  . and  1 1 selec- 
tivity ol  leceivei 

• Also  use  clala  ot  R\.  IM.  aiul  spurious 
lesjninso 

fRfl) 

• Deterininislic  approach 

• Use  leceivei  sensiiivilv  and  ineasiiicd  d.iia 
ol  cross  inodiilalion.  deseiisili/alion,  etc 

1 ABLi;  1-2.  BROdRAM  FI  I XIBIIJ  I 


SINK' A 

• Three  inter  lereiiee  evaluation  modes 

• Four  snbpiobleins  (('nil  Cull  4.  Ireqnenev  selection,  coupler  main  1 

• Choice  ol  whether  detector  pioce.ssini;  be  done 

• Option  ol  using  program-supplied  models  or  not 

• Option  ol  prtn touts 

ll’M 

• I hree  hilerlerence  evaluation  modes 

• l our  subproblems  (interlerencc  evaluation,  R\:  power  spectral  densitv : Held  stteiiglli.  .iitd 
rusty  bolt) 

• Option  ol  using  program-supplied  antenna  coupling  model 

IRl.l) 

• 1 R1  1)  lollows  a step-by-step  development  ol  problems  wilh  wsibihlv  ol  possible  solulu'us 
and  can  be  used  to  examine  parts  ol  problems 

• A computer  program  is  yel  to  be  developed 

COS  AM 

• Mainly  lor  inter  lerence  evaluatrori 

1 ABFI  7-.F  DATA  BASF 


Item 

SIM(A 

ll’M 

IKI  1) 

(OS  AM 

l.imiled  ship-lield  measurement 

v/ 

n 

.Spectrum  signature  data  or 
laboratory  measmernenl 

V 

V 

\ 

V 

n 

a 

■y 

Synthesis  rroiir  par  Hal  or 
coriipaiable  d.il.i 

V'' 

V 

)/ 

sT. 

Nominal  characleiisHc  given  in 
manuals  oi  specilicalions 

\ 

Analog  model 

Miulul.iliori  s|Vi  Ir.i 

v' 

Complcxi' . .md  dillictillv  ol 
prepaiitli:  d.rt.i 

N‘umple\ 

complex 
ihl  Hciill 

icI.iHvelv 

simple 

1.  vnnplo\ 

Number  ol  ei(uipments  which  have 
dal  1 Uored  ur  lire  data  base 

in.uu 

Dl )'!(,! 
eqliipmenls 

hmried 

sonu- 

i 


L 


Iwivironmental 

IX  I undaincnlal  Causes  Direct  Indirect  System  Indirect  Tlireats 

Threats  Tlireats 


l AHl  I 7-5.  INTI  RFhRl  NO.  l IlRhSHOl  I)  ( RlTl  Rl.\, 


R\,  R1 


*■  Ml.Xl  R 


liipul  to  Rl  Stjyc 


H RX.  II 


Dl  T1  ( lOR 


Output  oi  Input  to 
lX‘tei;tor 


IVtcclui  Output 


I’owor  cull  criterion  is 
St  MCA  I rcccivci  noise-1  5 ilR 
Adiustablc  b>  user 


Related  to  sensitivity 
•S  X and  S{  \ + I)  (or 
B1  Rot  :.5  X I O'-' 


Si'N  and  S ( X + 1 1 
Aiticulatioii  111  dev  ( Al  I 
o|  0.7.  0.4 


ll’M 


I RI  I) 


Saturation  level  is 
sensitivity  +’0dB 

User  sets  IM  level 


User  sets  S I lor  AS  ol 
0.5  ( -■^0.42  ol  .Al  l and 
BI  R ol  I X ur-  Ol  sets 
SI  = 0dB 

Wlien  S not  specified 
assume  S = sensitivity 
Inteirereiice  < sensiliviiv 


Inleilerence  ^ receivei  noise 
OM.AX  < receiver  noise 


I SCI  sets  iliiesliold 
values  ol  S X and 
S (X  + 1 II 


0.  A I I I NUA  I ION  M()I)1,LIN(.  AND  AN TI  NNA  ( Ol  IM.IN(. 


A 


selectivity 
insertion  loss 


SI  MCA 

V 

/ 

\ 


ll’M 

I 

V 

v" 


I RI  I) 


niisinatch  loss 


liansniission  line  loss 


optional 


Antenna  Coiipliiit; 


SC  ABS  model 
yliound  wave 
line  ol  siplii 
ondsoaid 
coupimi: 


lai  Held 
neai  field 
use  IS  data 


es  I a 111  I si  I .1 
leviuiied  antenna 
coupliiij:  value 


COSAM 


vaiious 

aleoiiilmis 


1 ABLi:  7-7.  PRINTOUTS. 


SIMC'A 

• Printout  of  desired  signal  and  interference  power  sumniarv  at  various  receiver  siaees 

• Major  noise  (receiver  noise,  ambient  noise,  or  tiansinilter  broadband  iioincI 

• Aiticulation  index  or  Bl  K loi  each  interterence 

• Receiver  perloriuance  is  graded  as  acceptable,  marginal,  or  unacceptable,  accoidiiig  Ui 
each  Al  oi  Bl  R 

• IX’tector  input  SNR  margin  lor  acceptable  performance 

• Degradation  due  to  cross  modulation  and  desensiti/ation 

• l ieiiuencv  assignment 

• C'ouplei  rejection  characteristics.  Smith  ( halts  of  antenna  impedance  data  OI  I X R\ 
impedance  data 

ll’M 

• Intetlerence  summary 

• hiterlerence  identification  (If  intei ference.  il  satuialion.  and  R\  miernupdulalion  1 

• Power  spectral  density  at  various  R\  stages 

• field  sliength  at  a specilied  location 

• Interference  identification  due  to  rusts  bolt 

TKI.I) 

• .Manually  calculated  to  meet  user’s  needs 

C'OSAM 

• Upper  performance  scope  (UPSI  Piob  ♦ \ l N > ihieshold^ 

• Sv.sleni  l’erlorni.ince  score  (SPSi  Prob  {(S  + 1 ‘ Ni  (1  r Ni  • ihiesholdj 

• Relative  performance  score  (RPS)  SPS  ( PS 

• Average  power  level  ol  each  mterleieiice 

• llistograin  of  (S  + 1 + N f(  1 + N t 

4.S 


TABU  7-X,  SL'MM AKN  AM)(  ()M\II  MS  SI  M(  A 


Mam  li.'aliin.'s 

• IX.’l;i]lL'd  ie».ci\ci  modeling 

• l'lc.\ll)lo  (liei|  a^lbJgnmellt,  math  models,  and 
piinlontsl 

• ('onsidci  mobl  ol  llic  imporijnl  noises  and 
mteilcienees.  l illiei  models  oi  data  are  used 

• Keeeiver  noise,  amhieiil  noise,  and  liansmiilei 
hioadhaiid  noise  aie  eonsideu'd  as  noise 

• Inleileienee  means  the  iindesiied  signal  \vliose 
lieiiuenes  ise\aeil\  ilie  same  as  the  leeeivei 
Hilled  lieiinenev.  ( loss  modulalion  and  de- 
sensiti/ation  aie  not  ealled  mieireienee.s  and 
ale  eonsideied  sepaiateK 

• riiiesliold  \aliie  is  lelaled  to  \1  and  HI  l< 

• Soisos  and  eaeti  mteiteienee  give  an  A1  or 
HI  K 

• lo  I'.ave  an  avseplaWe  sNsteni,  each  M and 
HI  K niiisi  be  ae..eplable 

• C onsider  inisinatsli  loss  and  tiansinission  line 

loss 

• ( oiisidei  VCiC  elleets 


l.miiiaiions 

• Ineoinplete  stalisiieal  appioaeli 

• I se  analog  model  to  gel  data 

• Insollieient  spuiious  emission  data 

• Does  I'ol  eoiisidei  the  elleeis  ot  passive  deviee 
■jeneiate  I IM  uist\  bvilt.  aiid  man-made  noise 

• \iileiiiia  eo'iplmg  algonilmi  is  v|iiestionable 

• Die  piogiani  snpplied  antenna  vouplmg  algo- 
iillnii  imisi  be  used  No  option  loi  using 
iisei  supplied  data  vii  model 

• I’logiam  Is  not  iisei  inleiaetive 


I \BI  I 7->).  ,S^.\1MAI<^ 

Mam  teatnies 

• I V Ieinniiislie  appioaeli 

• C.ileiilale  lieM  slienglli  ,il  a speeilied  loealioii 

• ( onsidei  modulalion  speelial 

• I nif'liasis  on  the  manual  lieaimenl  ol  speeliimi 
In  iisei 

• I las  some  spuiious  emission  and  spuiious  lesponse 
algoiiilinis 


\M)  COMMI.N  r.S  Il'M 

laimialions 

I • Ineoniplele  leeeivei  modeling  (vines  not  eon 
j sidei  eioss  modulalion,  lived  K\  S.itiiialioii 

' level  Is  not  adequate  I 

^ • Does  not  mnsidei  ainios|i|ieiie  noise  .iiul  ni.in 

made  noise 

• Hiisiv  boll  piogi.mi  IS  nnpi.ielie.ible 

• I iev|iieiu  \ miisi  be  in  MU  ' 

• Dal.i  b.ise  li.is  DD '1(1  s eipiipmenis  oiilv  Ills 
eompliealevl  to  esi.iblisli  J.ii.i  base  loi  a new 
evpnpment 

• I’loeiain  is  not  usvi  miei.ivlive 

• Does  not  eoiisidei  inisnialvli  loss 
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I'ABLli  7-10.  SUMMARY  .AND  C OMMl  NTS 

1 

IRl  1). 

Main  I'eatures 

Limitations 

• Deioriniiiistic  approach 

• Evaluate  each  noise  or  interlerence  separalelv 

• I'se  K\  noise  and  cinasi-mininuim  atmospheric 
noise  as  Ihieshold  criteria 

• I IcMhle 

• I se  empirical  data 

• Calcnlate  the  required  antenna  coupling  value 


• Incomplete  receiver  modeling 

• A coiti[)uter  program  is  \ et  to  be  developed 

• L.nnited  empirical  data 

• Does  not  considei  the  ellects  ol  passive  device 
generated  IM.  man-made  noise,  and  rusty  holt 

• Does  not  consider  mismatch  loss 


lAlU.l  7-11.  SUMMARY  \NI)(()\1M1  NTS  COSAM. 


Maiti  leatuies 

• Statistical  approach 

• Ihreshold  value  may  he  related  to  Al  and 
Bl  R 

• Summatioti  ol  ititei lerence  powers  generated 
hy  all  transmitters 

• Noises  and  mterrerences  are  modeled 
malhematically 

• Consider  inisiiuic]i  loss  by  the  ap/riicalioii  o) 
an  otl-line  program  called  1 R ACI 


l.imitations 

• Considei  liaiisinittcr  hroadhand  noise  as  a 
direct  threat 

• Not  applicable  to  a receivei  which  has  unde- 
siied  signals  w'lth  dillerenl  modulation  type 

• Only  uhl  AM.  vhl  IM,  and  hr  SSB  sy  stems 
have  been  considered 

• Antenna  coupling  algorithm  is  questionable 

• Does  not  considei  the  ellects  ol  passive  gen- 
erated IM.  rusty  bolt,  and  man-made  noise 

• I’logram  is  not  user  interactive 

• Need  a conlidence  interval  lor  the  System 
Peirormance  .Score 


SO 


1 


li 

s o J’RFIIMINARY  I VALIJAIION 


S.l  INTRODUCTION 

LS'  This  section  presents  ;i  preliniinary  evakuitiun  ot  the  existing  system  interaction  analy- 

■j  sis  teeliniiiLies.  flic  linal  evaluation  will  be  reported  subseciiientK  to  the  sample  problem  exer- 

cise aiul  empirical  iinestigations  scheduled  lor  completion  at  the  end  ol  the  transition 
ipiarter. 

I he  exaluation  concentrates  on  the  development  ot  a system  interaction  analysis  capa- 
bility for  communications.  l o analyze  a proposed  system  design  means  not  only  to  predict 
the  preliminary  system  performance  but  also  to  identify  any  possible  deficiencies  in  the  design. 
On  the  basis  ol  the  results  of  the  analysis,  a designer  can  either  find  feasible  solutions  to  the 
problems  identifieil  or  make  tradeoff  decisions.  It  is  hoped  that  the  design  goal  ol  .ic\epiable 
system  pertormance  can  be  reached  through  the  iterative  ulili/alion  ot  the  compuleri/evl 
analysis  program  and  the  engineering  judgment  of  the  designer. 

Once  a system  interaction  analysis  program  has  been  developed,  m addition  to  the 
design  of  a new  ship,  it  can  be  used  for  other  purposes  such  as: 


Development  ot  ev]uipment  specitications 
System  prooling  lor  ship  class  design  and  acceptance  test 
.Modification  of  existing  systems  during  ship  modernization 
Develojnnent  of  general  frctiucncy  management  guidance 

1 his  evaluation  will  be  maile  in  terms  of  moileling  philosophy . tlexibilitx  data  base, 
noises  and  interferences,  inlerlerence  threshold  criteria,  antenna  modeling  and  ai  nualion 
modeling,  and  printouts. 
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S.2  MODF:LIN(,  PHILOSOPHY 

Ihere  are  three  steps  in  the  process  ol  designing  an  .iccepi.ible  new  system  the  pre- 
diction of  preliminary  system  pertormance.  the  tdenlific.ilion  of  system  deficiencies,  and  the 
elimination  ol  these  vieliciencies.  Usually  these  ilesign  steps  .ire  re|ve.ilcil  m.inv  times  la.  lore 
a final  ilesign  ean  be  reached.  Ihus.  time  ,md  cost  are  import, ml  tactors  to  be  cimsidered  m 
the  devekipnient  ol  a system  inter.iction  an.dysis  program. 

I'he  si.itisiical  system  modeling  .ippio.Kli  rci|uires  ,i  gre.it  deal  ol  computer  time, 
especially  when  Monte  ( arlo  simul.ition  is  peitormed  ( )n  the  othci  h.md.  the  vvoist-c.ise 
deterministic  approach  is  rapid  and  cosl-<.tlective. 

A ilelailed  receiver  moilehmi  is  not  necess.iry  ilurmg  the  process  ol  designing  ,i  new 
communication  system.  I he  receiver  modeling  .ippro.ich  used  by  I Rl  |)  is  r.ii’id  ,md  cost- 
effective. 

However,  when  an  accept, ible  prehmm.iry  design  is  obt.nned.  there  is  ,i  need  to  ev.du- 
,ile  the  lies  I ‘Ml  more  I horoughly  . I he  pm  pose  ol  I his  ev  alu.it  ion  is  to  predict  the  I m.il  s\  stem 
perlorm.mce.  In  this  system  perlormance  piediction  progi.ini.  the  si.itisiic.il  sysiem  model 
mg  ,ip[iroach  .ind  the  det.iiled  leceiver  modeling  should  be  used  I he  Im.il  svsiem  peitoim- 
.mce  will  Ire  expiessed  m terms  ol  ,ii  liciil.ilion  index  lor  voice  commumc.ilioii  .iiul  bit  erioi 
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rate  tor  iligilal  Loniimmiealion  systL’ins,  An  approach  similar  to  SI  NIC  A is  suitable  loi  tins 
purpose,  rile  SI  \K  type  approach  would  also  he  useful  for  the  other  lour  purposes  listed 
in  section  S.  I . 


H.i  FLLXIHILIIV 


Durinu  the  system  ilesign  stage,  a highly  flexible  analysis  piogram  is  neeiled  by  means 
of  which  the  usei  cm  interface  with  the  computer  to  predict  mierlerences.  to  identiK 
deliciencies.  and  to  make  tradeoff  decisions. 

.\n  analy  sis  program  is  emisioned  which  is  comprised  essentially  ol  ,i  loosely  con- 
nected library  ol  subprograms  or  routines  programmed  on  any  large-scale  digital  computer 
accessible  from  ,i  time-share  terminal.  1 he  subprogram  I ()  formats  \sould  be  designed  so  th,it 
the  output  of  one  program  is  acceptable  as  input  to  another,  thus  allowing  the  user  to  select 
the  appropriate  subprograms  to  build  an  oserall  computer  irrogram  to  handle  end-to-end 
mutual  interterence  problems. 

.Additionally,  the  subprograms  could  be  utilized  as  stand-alone  models  to  .illow  the 
iisei  to  isohite  any  particular  aspect  ol  a larger  problem.  1 he  tlexibihty  and  time  s.nings 
aftorded  by  this  ,ipproach  make  it  particularly  useful  in  par.imetric  studies:  th.it  is.  obseising 
the  re.iclion  of  a selected  par.imeter  as  a function  of  controlled  changes  in  one  oi  more  \ari- 
.ibles,  with  the  remaining  variables  held  f ixed.  I or  ex.imple.  the  program  would  be  e.isily  coii 
figured  by  the  user  to  perform  analyses  of  the  type  accom[ilished  m the  I Rl  I)  studies  ol  hi 
comnumic.itions. 

.A  ()erlor;nance  /irediclion  /srogram  is  reipiired  m.iinly  for  the  final  system  ev.ilii.itum 
It  is  not  necessary  that  it  be  interactive,  but  it  may  have  v.irious  mpul-oulpul  options 
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I he  d.it.i  b.ise  ol  the  proi'osed  computer  programs  c.m  be  obtained  troin  those  o!  the 
existing  compulei  programs  such  as  SI  \l(  A ll‘\l.  .uul  t OS  AM  .iiul  ih.il  ol  IKl  I)  llouesei 
the  accuracy  ol  the  il.it. i is  imporl.mt,  .uul  the  d.il.i  need  s.ilul.ilion  I he  v .ilul.itioii  ol  the 
data  should  be  determined  by  othei  continuing  et tot ts 
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I opsule-geiieiated  miei  modul.itions  dusty  bolti  .iiul  p. issue  tlesice  geuer.ited  iiitei 
modiil.itions  .ire  two  very  imporl.mt  souicesol  mierterences.  I hiloi  lun.ilely . the  si.iie  ot 
the  .III  does  not  permit  the  smiiil.ition  ol  these  two  ellects  on  .i  digit. il  compulei  s.itisi.icloiily 

I m|nnc:il  investigations  currently  c.trneel  out  .it  M I ( will  give  insight  to  the  piob 
lein  ol  mierniodul.ilioiis,  mchulmg  p. issue  ile\ue  geiiei.iled  mtei modul.itions,  li.insiiiillei 
mierniodul.ilions.  .uul  receuei  miernuuhil.ilions  I he  results  weu  scluuliiled  to  be  lepoiled 
.it  the  eiul  ol  the  I'l  'ii  tr.msition  i|u,irlei 

I ( \(  IS  .uklressing  I he  shipbo.iid  m.m-ni.ide  noise  problem  iluriiig  the  I '(>  ti.iiisi 
lion  (|u. liter.  A decision  concerning  whelhei  the  m.in-m.ule  noise  should  be  mcludeil  in  the 
.iii.ilysis  I'rogi.im  will  be  m.ule  .it  the  end  ol  the  I ( \(  elloil 


,s: 


I'or  tlto  ;in;ilysis  of  the  uireiafl  I NK  ',  II  MC  \1’  treats  tlie  iiitei lerenees  wliieli  are  the 
results  of  eable-to-eahle  eoupling  aiiel  er|uipment  e.ise-to-ease  eoupling.  However,  at  the 
present  time,  it  is  assumed  that  these  interlerenees  will  not  he  sigmfie.ml  in  the  ease  foi  the 
shipboard  IMC  analysis. 
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Sinee  no  detailed  reeeiver  modeling  is  neeess.nv  lor  ,i  ss  stem  inlet. uiion  .m.iKsis  pm 
gram  whieh  is  used  during  the  system  design  stage.  ,m  mterlerenee  threshold  criterion  should 
be  set  at  the  input  to  the  reeeiver.  \ threshold  eriterion  whieh  is  lelaled  to  leseivei  seiisitiviiv 
should  be  used 

However,  for  the  system  perl'ormanee  evaluation,  mterlerenee  Ihiesliold  ^ riieii.i  may 
be  set  at  the  deteetor  outpul  or  input.  I'he  threshold  eriteria  depend  on  the  m ■diil.ilion  Ivpes 
of  the  desired  signal  and  the  undesired  signals.  I his  en.ibles  s\  sti'in  perlorm.in.  to  Iv 
expressed  in  terms  of  .iitieulalion  index  or  bit  error  r.ile. 

In  order  to  prediei  system  perlormanee.  SI  \U  .\  and  I Rl  I)  eonsidei  the  powei  K-vd 
ot  eaeh  interlerenee  type  sepataiely . COS  \.\1  ailds  the  power  level  ut  v.iiious  inlerleieiKi. 
types;  1PM  aiul  II  MC.AP  use  the  power  speetra  density  eutve  ,md  s.ikul.ile  the  inleiU  ieiive 
liowx  r lot  a spueified  freipieney  range. 

.Although  the  ealeulation  ot  the  mterferenee  power  by  the  inleer.ilion  ol  the  powei 
speetral  density  lunetion  over  a speeilied  frei|ueney  lange  is  m.ilhemalK  .illy  soiiiu!  it  vioes 
not  identify  the  type  of  mierferenees.  Huring  the  sSsis'in  design  stage  the  design  engiiieei 
needs  this  information.  With  the  intei  ferenees  identitied.  he  is  .it'le  to  ehnunate  delKien«.ie' 

Ol  to  make  iravleotY  deeisioiis. 

As  tv)  the  ealeulation  of  sign. il  to-inierlerenv  e pius-noise  i.ilio  in  dH.  the  suin  ol 
v.irious  interleienee  pi'wer  levels  e.in  usu.illy  I'e  .ipproxim.ited  by  the  l.iigest  inteiteienee 
power  level.  1 hus.  in  praetiee,  the  .ipproaeh  ol  eoiisidering  e.ieli  inlerlereiKe  sep.ii.itely  is 
prelerred.  AvKIitn'iially . the  .ippro.ieh  vvill  be  more  i.ipnl  .mil  eosi-elleelive 
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Some  ol  the  .intenna  to-anlenn.i  eeuipling  .ilgorilhins  used  m SI  Ml  \.  Il’M.  .iiul 
( '(IS  AM  are  not  .uleipi.ite  .\nlenn.i  modeling  .ilgoi  ilhms  developed  undei  I .isk  I ,md  I ,isk 
II  ol  the  I I I MA  proiesi  ean  be  run  ofMine  1 hese  ^l.lte■ol-lhe  .irt  .intiim.i  modeling  teeh 
nii|ues  eonsidei  the  intei.ielions  .unong  v.uioiis  .mienn.is  .md  m.iny  dilteieni  obst.ieles  .nul 
obieets  ol  v.inous  geometrie.il  sh.ipes  .ind  si/es  whieh  exisi  .ibo.nd  ships  I he  resulls  .U  these 
newly  developed  .inlenna  modeling  .ilgorilhins  will  be  used  .is  the  mpiil  d.il.i  to  ihe  pioposevi 
■-vstem  inter. letion  .in.dysis  progiain 

Ihe  ,il  lenu.it  ion  modeling  needs  I nil  he  i study  1 1 ineliides  the  seU\  tiv  it  v ol  I iltei 
deviees,  misin.ilehed  losses,  inseilion  losses,  .md  Ihe  elleils  ol  e.ible  lengths 

It  IS  eommon  pi.uliie  lo  publish  seli\  I iv  ity  ^ h.ii  .u  tei  is|  les  ol  liliei  devK.-sol  Ihe 
reeeive  sv  stem  with  d.il.i  me.isuied  w 1 1 h I olh  genei .iloi  ,md  lo.id  imped.inee  ot  si | ,>hnis  .il 
.ill  liei|ueiieies  llowevei,  m tin  leieive  system  Ihe  s|i  ohm  imped.inee  is  piovided  ,il  the 
desiied  sign.il  oi  reeeive  lrei|ueney,  nol  .il  Ihe  due.  I Ihre.il  tiei)ueiiiy  ( le  li.msnnilei  lie 
i|ueney  > In  lael,  Ihe  piole  lion  .ig.inisi  Ihe  Ihie.il  is  derived  liom  the  dep.iiluie  o|  imped. m.  e 
,il  the  1 1 .insinil  I leipieiiey  I rom  ■'0  ohms  I herel oie.  m Ihe  leeeiv e sv  stem . souu  e .md  lo.id 


impcilanccs  of  tlic  various  ci|uipincnts  ahead  of  ihe  rcLci\ei  are  not  50  ohms  al  a direvl  lineal 
frequency.  I lie  aelual  degree  of  protection  against  the  direct  threat  can  he  significantly 
greater  or  less  than  the  puhlished  values.  Similarly,  when  indirect  threats  are  coiisidcied. 
the  actual  selectivitv  characteristic  ol  the  liltcr  tlevices  ol  the  transmit  s^  stem  can  he  siguili- 
cantly  different  from  the  published  \ahies. 

When  a standard  spectrum  signalure  is  measured  (eg.  Mil  -SI  |)-44't|)  specmim  sig- 
nature). it  is  made  with  the  transmitter  teedmg  rated  fundamental  Irequencv  out|nil  powei 
into  a 5t)-ohm  dumnn  load.  Since  the  transinilter  source  impedance  v.uies  with  dep.ntuie 
from  the  fundamental  freiiuency  . such  measurements  are  accurate  only  as  an  indication  ol 
power  delivered  to  a 50-ohm  load.  .\t  Irequeiicies  lar  remosed  Irom  the  Umdameniai  tre- 
quency,  such  as  harmonics,  the  mismatch  between  source  and  load  impedance  is  \ery  signil'i- 
cant.  In  fact,  the  transmitting  system  will  not  pioude  a 50-ohm  load  to  the  traiismiltei  al 
all  frequencies.  Hie  magnitude  of  the  mismatch  is  a lunclion  ol  cable  length.  In  many  casi-s 
the  cable  lengths  are  not  expected  to  be  known  piecisely. 
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I he  prinloiils  ol  the  system  mleraclioii  analysiN  inogram  should  predict  nilci  Iciciicc 
poster  levels  al  the  input  to  the  receiver  and  the  prehnimary  system  iicrlonnancc 

I he  inintouts  ol  the  system  perlorniaiice  evaluation  pri.)grani  should  prcvlict  the  Ini.il 
system  performance  m terms  of  articulation  index  or  bit  ciror  rate 
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4,1  ( ()N(  I L SIONS 

I Ik-  cMsiiiii;  (.-k'ctioniagiK-tK'  syslcm  inloraclion  computer  programs  nameK  . SI  \l 
( A.  ll’M,  ami  ( OSAM  are  smlaNe  lor  the  mterlerenee  prediction  ol  a I'inal  sy  stem  design 
riieir  main  leatiires  and  limitations  are  siimmari/ed  m tables  7-X.  7-4,  and  7-|  1,  lespectively 
1 K1  1)  is  a manual  ilesign  proceduic  loi  the  design  ol  shipboard  communication  s\  s- 
tenis.  Its  mam  leaturesand  limitations  are  summan/ed  in  table  7-10, 


4,2  KhC  OMMl  M)  \IIONS 

A rapid  and  cost-eriective  system  interaction  analysis  program  is  needed  during  the 
design  stage  ol  shipboard  comimmicalion  systems  \ piogram  is  eiuisioned  which  has  the 
I'ollowing  leatures: 

1 . I he  program  is  rapiil  aiul  eos|-etlecti\e. 

2,  1 he  program  is  based  on  the  design  philosophy  used  by  I HI  1) 

■V  I'he  program  uses  a ileterminisl ic  approach  and  does  not  need  detailed  icsenei 

modeling. 

4.  rile  program  is  usei-compuler  mteiastise  and  accessible  from  a time-share  term- 
inal ol  a mam-lrame  digital  computer. 

1 he  data  base  i>t  the  program  can  be  oblameil  liom  those  ot  the  existing  com- 
puter programs  such  as  .SI  M(  A,  il’M.  ( OS. A M and  that  ol  1 K I I)  1 he  data  need  \ alula t ion 

b.  I he  program  considers  all  important  noises  and  mlci  leiences  which  can  be  sim 
ulaled  salisfactonly  on  a digital  eonipuler. 

7.  I he  I'l'ogram  sels  the  interlereiice  threshold  criteria  at  the  input  to  the  lecenei 
rile  interlereiiee  threslioki  eritena  are  related  to  the  receivei  internal  noise 

5.  Stale-ol-ihe-arl  allenualion  nuideling  aiid  antenna  cou|ilmg  algorithms  slioukl 
be  useil  I he  algorithms  may  be  run  olT-lmc.  il  necessaiy  , 

4 I he  prmlouls  ol  the  program  should  iiuluale  any  possible  delicieiKies  ol  the 
system  and  predict  mterlerenee  pmcei  levels  at  the  input  to  the  receivei. 

AVhen  an  aci  - piable  pielimmaty  system  design  is  adneveil.  the  vuilputs  ol  the  piogiain 
can  be  useil  as  a part  ol  the  mpul  data  to  a -y  stem  [k  rioimance  evaluation  piogiam  I he  sy  c 
tern  peilormance  evaluation  piogiam  will  leiiune  a st.iti^lual  appioach  and  detailed  Kueivei 
nuulelmg.  Sysiem  peiloimaiice  can  be  cspiesseil  m lerms  ol  ailiciilatuni  iiulex  in  bit  i-iioi 
rale. 
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